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Abstract

Purpose: To assess the reliability and validity of the constructed self-administered
physical activity questionnaire, the body fat equation using skinfold and anthropometry,
and BMI for age in Thai children aged 10-18 years.

Materials and Methods : Firstly, The prototype of physical activity questionnaire
(PAQ) was developed from the items obtained from 30 children using focus group, and
later sent to 4,280 school children all over Thailand. Item selection and factor analysis
were used. The final version of Thai PAQ was developed from a prototype PAQ and
validated with accelerometer (Actigraph, CSA model 7164), for 7 days in 566 children. On
the next day they completed the self-administered PAQ for the validation process. Then
the PAQ was completed again in the next 1-3 days for the reliability analysis. Secondly,
the body fat equations were developed using the skinfold thickness measurement at
different sites, weight, height, age sex and BMI were used as dependent variables. Body
fat from DEXA was used as the reference value in 509 children. Bioelectrical impedance
using Omron HB-300 was also measured. Thirdly, the 4 compartment model was
measured in 55 males and females aged 16-18 years. The measurement included under
water weighing (UWW) for body density, deuterium Oxide (D20) dilution technique for
total body water, and DEXA for bone mass. Percent body fat 4C was assessed using
Baumgartner's equation. Fourthly, waist circumference was measured at different sites (
WC1=at midway between the lowest rib and the iliac crest, WC2= at the narrowest waist,
WC3= at the immediately above the iliac crest, and WC4 = at the umbilicus kevel) to
correlate with body fat from DEXA. Lastly, BMI for age was developed using the
information from 1,967 children around Thailand.

Statistical analysis: Percentile, paired t-test, Pearson correlation, simple and
multiple regression analysis and Bland - Altman analysis were used.

Results: Firstly, two forms of the developed physical activity questionnaires (for
elementary school children and secondary school children) were used for the validity and

reliability The validity of this group of subject demonstrated the acceptable correlations.



The validation was 0.260 and cross validation was 0.33. The intra-class correlation for test-
retest repeatability was 0.74. Secondly, the body fat equation for male: when Sum skinfold
of triceps, suprailiac oblique and calf (Sum3skf) < 50 mm: aged 10 — 12 yr, %BF equation
=17.27 + [0.776 x (Sum3skf) — (0.127 x height in cm)]; aged 13 — 14 yr, %BF equation =
13.398 + [0.774 x Sum3skf — (0.106 x height in cm)]; aged 15 - 18 yr, %BF equation = -
19.207 + [0.697 x Sum3skf + (0.090 x height in cm)]; when sum3skf >50 mm, %BF
equation = 47.121 + [0.214 x Sum3skf - (0.155 x height in cm)]. For female aged 10-18 yr,
when sum3skf < 50 mm, %BF equation = - 5.077 + [0.432 x Sum3skf + (1.169 x BMI)] —
(0.130 x weight in kg)]; and when sum3skf >50 mm, %BF equation = 5.086 + [0.311 x
Sum3skf + (0.596 x BMI)]. Thirdly, the 4 compartment model demonstrated that the UWW
provided the comparable result compared to 4C ( R’ =0.92 and 0.87 in male and female
respectively), whereas the DEXA was found to be acceptable for male and not for female.
Some correction was made to adjust for the systematic bias, hence the information was
transformed from DEXA to 4C. This developed equations for male and female were
constructed and used for the development of BMI for age. Fourthly, the waist
circumference at all sites correlate with percent body fat and total body fat mass at ( R =
0.51 and 0.83 in male and R° = 0.86 and 0.84 in female respectively. Lastly, the
percentage of body fat which correspond with various BMI for age’s reference
classification was developed for designing the proper overnutritional surveillance index of
Thai children.

Conclusion: This research study provided the validity and reliability nutrition tools
for the PAQ, the equation for body fat assessment, and BMI for age to be used in Thai

children aged 10-18 years.
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= A 4 Ay " o 1 Aa o o2
winlnenulunsuazimenalé WwanannIsaINNIMnANANNLdsulaannldAn e
AudNRusrasTI T uazannAwnldannneda laduldRamisasidusatnegenig

A BMI for age NiAnwnlunguenatieuun ey uguawinet BMI for age Nimunsiag

v P
o ANaa s

TunausInataziufiisinasnuisesu g angsannn i luniadszdaninz gl

NN b Wt T G AN Y K P - VU RGN

1.4 nrsusziiunsiaaaulnnsieanig : tasasqnlunisvinunamnuidassnalsaaauy

P A a - < =< o o =
arnnsidAnldudueulunslsziliunnsudinaenunsluen - aadluiladeiuenia
AMslAFUNAiE NNsdAnnaARerlgenie (Physical activity, PA) Razviauienisld

o 1 :J/ Vo a dp dl o o 3]
NAUINNeTUlAFUANTENNINTWETe Y tlaqiiulutlsemalnadslddgluuunig

11



Usziiu PA Adanalfuazidune A9 dlufaedn s Wm L LUL AU A NI L ANAULZUN

]
= =

gaqantne  avluasnnisaieuuuseundmiudlunjuasiin - dnazpsdesiniuliide

a =3 vy A % dl ?:/ ! M v o
ﬂQWNﬁN’]HWWNﬂQ’WNﬂﬂL‘M‘Ll‘ll‘ﬂ\?N?M?QNL?JEI’M’WEUIHZV]‘H’]WL& (content expert) LLW13~I1®‘WWH’W

NAAaU validity LL@vu‘ﬂﬂiWﬂ‘Vlﬂ’W‘Vl’Wﬂ’]‘i‘Vlﬁ@‘ﬂ‘]_l reliability mmuumumummu m’L‘iﬂu

mmmﬁu%iﬁdﬁLmumuﬂuﬁmmmmmmLmzmmmd”mlu@qﬁ[ﬁ”lmmﬁﬂizl,ﬁuﬁ@ AL

Aaeaaul i idunsanntasineale UANANNRNIIWELLLLZAUDNNTN N AN
5) & \ P ° = Py o Ny o o
nanuanglunslying LLuuﬂQHQﬁﬁlN‘] ® FaannsanisiazinunAneFaudautuld 0l

s fianlipsiudumefifesdesiudmasnuiagdeddlunainAanssudu i

energy expenditure (EE), metabolic equivalent time (MET) Lﬂuﬁum)

FAaulullaamiAiniesiuunsennudsiduneusineiidesendars content expert

a aa o o . . 17 1 1
WaZARNINNadAlunnsdansasteaAinnu(item selection)” punguilszanatiaunne s

o

Aogl uULARLDINNYNWRNWNTUNNAzHIUIuNsaide A anfaamATia lianeds

19) <

empirical approach techmque< ) 38 focus group mterwew( F9az1T1N1799UTAINAANTIN

sinenineadesuasiuldifvinaiareungulungulszanadvansedefigduuy - auld

i
4 ¥

daaniunineadesnnunsusiiuauaiuiaranatndaun AsfasinimasauAnneduas
ARVNIANL LIt ANDNAENIIMARELLLUAR LN IUNg NN IANeEiNeRN WL TE N

8-10 wihresdaAnudaeian9adinsiie auduwuuasuausuuuufazi i 148
Lo o & . . ) = o -
nsneaay validity dnazifluwuy criterion validity'  TnenisnfFaumeauiugilngnd
wmsguluniaauInidanisindaulnagene(motion sensors) atinsna7 N3 validate
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'
1 o o a

nadenfanssuifiFnanduiusgeiinensuldniedsanaians (A1 Cronbach  Alpha
Coefficient ‘lsiaazinndn 0.6)

Nz iesALlssnay  (Factor  analysis) Lﬁ'm"wLLuﬂLL@:ﬁmﬂ@juﬁ@mmﬁﬁm’m
ey Taai@endn Communalities Teausiazianssufiannnin 0.5 B niminiu

aglifluuuugauny 2 4a (Mawon 1, &) wdotihlinesaumnuiiesmsluged 2 salil
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499 2
MSUIANANNLTaND LA (Validity) azAMNLNUASY (Reliability) aa4
LUUFALAINATARRU I NENNRIUN T W ABILUNY Actigraph  WaENNg

sziiulasusraneiauny DEXA

32 msmaiansdaialsiazuiunsrawuugaua nmaiaaaulnasnanieg
321  mswAanNidaialdiazusiunseraiwuugauaNnisiaaaulnisene
Wauny Actigraph
A3 Il 9 s fIuANNILLAT TR UER LTS RN AR LARedTANAS
Lﬂgﬂu1MQ§ﬂdﬂﬁﬂ ‘ﬁl%@d’] Actigraph  accelerometer Aa1NLUTEN  Computer  Science
Application (CSA) model 7164 wHamanN Florida UsemnAaLLTn Lﬂuqﬂmtﬁmmmﬁﬂ%‘q
faunuananuRaimaneluladdudiaensedin aransaulasnanuba GPREGIIEN
aziAmnannaaeulmsameluuunds  Wiiuedudman  udaneeunalegldlilsunsy
pafinlmefilAsunauusANaIN Actigraph nenitusiaaelumidag Counts falanTine

dl :l/ QJQI o dlo = [~ ¥ =X
WA3RY ANNI0FIsunsN I ENd A lna N ue ummmmmmm@uﬂaimmum 3 -6

' v
a R aAya
U

o e K <3 a < ¥ 4 IS v ¥ as
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Ay o o

fanm waziiunnnanssnlukuuLAn (Time motion record) @aRdeanin lugsanuazsuna

o

nadmlsyanduresigndnsma

3.2.1.1 NRNABENNITANTN
- NguNAALINTTIduazeaNiU Actigraph SANTNGNTINTIRARLNITNNIUTBNATEIND

1 ¥

fun nqudeaniidsnieetnannin wu ngudeanindimnialnanissiuuelsda nquiiniiiag
sravduuazsvaying nguiinFoulseFauniinainayasnd 99uvianun 30 Al
- ngumANiTene lfuazudunssTeuULsa LN NN Actigraph nanadAs
TeNge 589 AL AntsaFeuilsran 4 Taaiman Mun TeeFuunaoandmun TeeFauss Wi
= o = = 0% = 14 ' =
993 TeaBaudnA1a e TeeFauaaasunensuy Taagaudsen 5 ladew tun TesGausamm
o o = a = ar a o =
guind  TaeBauneyaunien dasdgun  TaeFaudauln@unsanlnoues  Tsaleugessn
wauwan TssBeuinlsnunana iFunistuasiunauniaiudeys uaznsenuuuasunisdi
fulAansAaeANddAsla (Sign informed consent) ANN39AMNTIINTAALATES Actigraph

siotieaiiungl 7 dusinanazaanaesenaalag lussudeniaivdeyaiiniansaanissia
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nszuauNIIisuNaRdouton linunnaesdayanaarsesinnisnaauluaienig
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3.2.1.3 d0mN kA
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wuugeunn 14 Spearman ’s Correlations Waz Pearson Correlations wazlfatif Intraclass

Correlations Wadaanu@anals (Reliability)
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ACTIVITY

gﬂ'ﬁ 1 graph shows different level of activity performed in a day
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gﬂﬁ 2 graph shows different level of activity performed (< 14 hr)

-

7000

6000 -

5000
4000 -

3000

IR IO I I I I R S S

v \a
P S & O S & O & S S & O
{1./0 (59 &46 (,5.6 G.Q /\'9 %’.Q O_;.Q \Q‘.Q \\*.Q (1;.6 N ,1;9 159 b;.Q 69 "é‘Q ,\‘,Q %'.Q q.Q \sz \\'.Q

0 " T T T T
&
Ny
K

%,
%,
Y,
",
t,

@?’
r\‘ by

gﬂ‘ﬁ 3 graph shows no signal of wearing Actigraph
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AputenguinFeunuszaznansiiaaseniu 3 Nqu UENATNIILAZIBEARIANTI

=b_
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M15199 1 Characteristic of level in wearing Actigraph

naun FIEALALA
ldAsuna 7 3u uduialuwsas Ju lideandn 14 2.4, 9n
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14119 JuEeuRn ldasndn 14 4.4, atntias 4 54
“wald s Tunea SulATUNTNEA N1NNI1 8 1.4, LAY
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= % [ 1
an ummmmiuu@ﬂm'} 4 1.4.

lduasnn WANWLBAN 2 NNANA1INIUAIAETIY

“laianysnl”

AInnsuLNNguanaainsteiieets 10 - 18 UainlsaFauniunisinnsesls
ANUIUBNANANATNAANIBUNATINNIGAIIZS AINATUIUTINNA 566 AW FANGNAATINENFA
& dld 1 1 % o Z// dl =
tatuINgan uay AUNK AN count per week liaanadasiuuiLaaunINATINT (317 4)
PR 224 A Usynausog szan 37aW uay J5aN 187 AW WAD 332 AU AILAAITY

AN9197 2

m%"mﬁ 2 Number of children in the PAQ study (n = 332)

WA 994
Siatd TN

SIEEASY wa i 16t 16 17 33
anysn] 63 61 124
EREY 79 78 157

daen wa 16 23 18 41
anysnd 37 97 134
EREN 60 115 175
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gﬂ‘ﬁ 4 Relationship of Actigraph value (estimated count per week and Met_freq_test

in elementary school children
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4000000 «

2000000 =

estimate count per week

1000000
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MET_freq_test

gﬂﬁ 5 Relationship of Actigraph value (estimated count per week and Met_freq_test

in secondary school children

CLAS_QUE: 2 secondary sc.
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AmFungunaldls dnnstszannirn count per week ludaanlalladldinanisauan

A1 count lutalild anAedeludunldiezes  ansiatadu anldiezedludas 7.00 -

16.30 WIAnT 289 Fungriava AldAaferesiuGuuis 49 NAnwesesludasaanhaaiv
[ 1 Adl <6 ¥ 1 o a o 1 a o

wnu - wazluiungalugdoanaifiann Alden count  vesiungaaniulugovnanmaniuuny

NRIANUUAMNATNATINYBS count per day N1798LTU estimated count per week

1
o a A

- deyaarnuuugeuniafanssy  dludaabsaiunisiiaesesinsziuniseaauln

. 9 o o A4 a A o aAdo o - =
(Actigraph) TnelvivinGauaennanssuniwazsryaunsiedlad lunsiluuuseuniu
dudsen IinGaunsenszazinafnfangsutiufos WILFaUDIN 9 AT uazASan 2
ihnnmsadauazdayailftinunlauasiullsunsu Excel Auans Arndseunldlu 1 &lannd
Idg1udeya anA1 MET 229 Compendium table Tun1sssyAumingesuiaziansss A
% a dl o ZJ/ o o o dl v o o/ ' ] . =
Farnfanssuivinianue dsnAuundsunldsedind Tumios METS min / week vide
! o A:ll o a ! i’/ o e 4:4::4‘ o A
METS / week Intin13auAInaa Uil lunisvinnanssusineiedland lunsiininizauney

wuAaUNN INATLINENLANANSINIRALY 1MW 1@anyinAanssNdein s ldszydinnduste
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Fait n1sunAnTag AU UINANUAadL A Aain Fauantiu lunanssudnatinfay lds
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NN9ANUIINANIUAAFL AN TANN BANeILUINIg A9
METs_min / week (all) = §auIN {MET 2290ANITNNNT X 1IAT1UTA X AU}

METs_min / week (w/o inactivity)= #auan {MET va4nanssu?ing (ladiu inactivity) x 198117 xa1491

JuAnn}
METs / week (all) = {AUIN {MET 2290AN3I8NNT x I1UIUTUNN
METs / week (w/o inactivity) = pauan {MET 284iansssdnn (Lt inactivity) x 471491 Juiiving

(Inactivity vsnada  Aanssuddnisieaaulmodes  THud  nisils  g9d  @wnw

ABNNILADS LAUNNINNTEANL LTI1FI)

mﬁ‘wﬁ 3 Actigraph value and MET/ week for PAQ1 and PAQZ2 in elementary children

Sex N Minimum Maximum Mean Std. Deviation
Male Count / week 79 1534038 5163146 3530727 744932
Estimated / week 79 2090951 5163146 3551663 716709
METs / wk (all) PAQ1 79 64 1397 538 286
METs / wk (all) PAQ2 79 48 1461 488 335
METs / wk (w/o inactivity) PAQ1 79 46 1387 527 285
METs / wk (w/o inactivity) PAQ2 79 35 1450 475 334
Female Count/week 78 1368849 5082186 2741810 737154
Estimated / week 78 1425879 5082186 2772361 717983
METs / wk (all) PAQ1 78 159 1279 502 252
METs / wk (all) PAQ2 78 98 1394 468 263
METs / wk (w/o inactivity) PAQ1 78 149 1268 491 251
METs / wk (w/o inactivity) PAQ2 78 88 1379 456 262

Estimated / wk n1sl5upn count / wk 7 liidaga aniugiuaaeA1asaeeautiu wdatiun

o A vy o @
sununa i lniAesiuAnAasaziilu
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El'l‘i’lxi‘ﬁ 4 Actigraph value and MET/ week for PAQ1 and PAQZ2 in secondary children

Sex N Minimum  Maximum Mean Std. Deviation
Male Count / wk 60 1425890 5664187 2959997 937300
Estimated count / week 60 1461148 5664187 2996699 913070
METs/wk (all) PAQ1 56 15.4 426 155 81
METs/ wk (all) PAQ2 36 66.9 318.8 158 62
METs_min/wk(all)PAQ1* 56 924 103105 15524 17109
METs_min/wk(all)PAQ2* 36 1724 53248 12593 10685
METs_min/wk (w/o inactivity) PAQ1 56 12.4 415.5 147 81
METs_min/wk (w/o inactivity) PAQ2 36 56.4 308.3 149 62
METs_min/wk (w/o inactivity) PAQ1* 56 744 102835 13584 17065
METs_min/wk (w/o inactivity) PAQ2* 36 1409 49783 10555 10629
Female  Count/week 115 1007938 3953113 2114083 606440
Estimated count / week 115 1007938 4011058 2140129 625831
METs_min/wk (all) PAQ1 110 19.3 338.2 140 73
METs_min/wk (all) PAQ2 96 10.5 368.7 136 82
METs_min/wk (all)PAQ1* 110 799 42500 10690 8236
METs_min/wk (all)PAQ2* 96 821.5 37395 9086 7135
METs_min/wk (w/o inactivity) PAQ1 110 17.8 327.7 130 72
METs_min/wk (w/o inactivity) PAQ2 94 19.1 358.2 129 81
METs_min/wk (w/o inactivity) PAQ1* 110 619 37460 8412 7558
METs_min/wk (w/o inactivity) PAQ2* 94 245 33300 6646 6335

* Distribution is not normal

i v
Y o

dayanlsvianainlidnssilaallsunsy SPSS  version 13.0 m199W 3 uay 4
udRgATZAUNTTIAAeLlMIaNN Agtigraph (Count / week W% Estimated count / week) HAZANN
WUUABLDN (METS_miniweek WAY METSAweek) WUAIAMNUULABLDNNEALANszaNTIINAN

o/ ¥ a . . . % o ¢£I 1 o t:ll Y o1
nsnszangsiaresdayauuulng  (normal distribution) aniiugAsUNTIA WAL Id6e
dlpineanunAtuans (METs_min / wk(all) ka2 METs_min / wk( w/o inactivity) faiiunis
afminennANdNius 3oudna count per week MilFanniAsas Actigraph U Wad9NU
WA dUA YN ANIAIN METs / wk (all) uaz METs / wk( w/o inactivity) aelfaiia

y . ' s o o o o | ¥ ada 1 o
Spearman ’s Correlations W‘LIQ”I%JQJV’W’]N@QJWMﬁﬂM fludasnnigimmeiindlaenigsin
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A1 METs_min #ialiaasuuuasuningedaen asainnismaaaugnisnszanasonudy
normal distribution R3911n"3 validate taeldafis Pearson Correlation ¥innnsatAsnzifiilu 2

X
U

>R

7%

337 1 AATiiany Validity 14@f# Pearson Correlation (r) evnANANTUE 321919
Actigraph (counts/wk) NU WUL&BLNN PAQT (METs / wk) TagiuiiNnisaiasnsy
I 2 anwose Tideyamniznguanysal wazdeyanguanysnisaniudeyane 14
WL %QLmumumumﬂimuL.Lmﬁﬁﬂuirﬁm riszinn 0.3 AINIIEazidYn
P97 5

337 2 A9V Validity uaz Cross validate 4afiA Pearson Correlation (r) tngigaia
HoyavesinGeaunguanysniuazneld flu 2 g0 gausniiiefinaz validity uaz

ANAINAILATIZU Cross validate fazldAn r Tnailszanns 0.3 A1 F119199 6

m%"nﬁ 5 Validity of MET/ week from all activity and without inactivity in different groups

PAQ n P value Pearson
Correlation

Elementary

MET / wk (all) 119 (completed data set) 0.000 0.321

MET / wk (w/o inactivity) 119 (completed data set) 0.000 0.322

MET / wk (all) 151 (completed and 0.001 0.257
estimated data set)

MET / wk (w/o inactivity) 151 (completed and 0.001 0.258
estimated data set)

Secondary

MET / wk (all) 132 (completed data set) 0.002 0.268

MET / wk (w/o inactivity) 132 (completed data set) 0.002 0.271

MET / wk (all) 166 (completed and 0.000 0.282
estimated data set)

MET / wk (w/o inactivity) 166 (completed and 0.000 0.284

estimated data set)
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El'l‘i’lxi‘ﬁ 6 Validity and cross validity in elementary and secondary PAQ

PAQ n P value Pearson
Correlation

Elementary

MET / wk (all) 100 (validity) 0.009 0.260
MET / wk (w/o inactivity) 100 (validity) 0.009 0.262
MET / wk (all) 51 (cross validate) 0.018 0.329
MET / wk (w/o inactivity) 51 (cross validate) 0.018 0.329
Secondary

MET / wk (all) 109 (validity) 0.006 0.260
MET / wk (w/o inactivity) 109 (validity) 0.006 0.260
MET / wk (all) 57 (cross validate) 0.013 0.325
MET / wk (w/o inactivity) 57 (cross validate) 0.012 0.331

nN13¥n Reliability aasdayauuugaaunin AN 1 uazaisi 2 Teuneiu 1-3 4u 1ivadn

dl A v Y aa . dl dl ¥ ?.'/ dl
ﬂ')’mLfﬂ'ﬂm@Im Ineld40/ Intraclass correlation LW@@miLﬂ@ﬂuLLﬂmmwmﬂ@mw 1 Ry

AN 2 AfaruganndadldluiAniameniuviea

AR ANANAUS

(Intraclass

correlation) WN1N& 1 waRdLLLgeLDNTUR AN S AnA137199 7 wama g AN

URANFNAUS LUT99 0.7 - 0.8 MuLLaaUnINTAUITN wargadaes
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El'l‘i’lxi‘ﬁ 7 Reliability for PAQ1 and PAQ2

PAQ

Intraclass

Correlation*

95% Confidence Interval

Lo Bound Up Bound

Elementary (MET / wk) all

male

female

MET / wk w/o inactivity

male

female

Secondary (MET /wk) all

male

female

MET /wk w/o inactivity

male

female

201

103

97

200

103

91

158

52

106

156

52

104

0.792

0.762

0.838

0.794

0.764

0.839

0.715

0.807

0.663

0.738

0.806

0.691

0.734 0.838
0.667 0.822
0.767 0.889
0.736 0.840
0.670 0.834
0.769 0.890
0.629 0.783
0.686 0.884
0.542 0.758
0.653 0.799
0.684 0.884
0.575 0.779

* p value <0.001

3.2.1.5 agUmsmArAaTata lALAs LN UATITAILLLAALANS

WannaaulaalFiAngau)s 10 — 18 T a1uau 566 AL AALATEN Actigraph 7 J1 LAY

WineuuwULARLANNARRUNTY N VNANNANNUSIBIN19811AN Actigraph (count / wk) BAZ

A1 METs/wk WU wULAELNTgALsvanuasgaioes HA1andNiuin 0.3 Taflunaeniu

18 wazn19m Reliability 199uLUAaUNANNNAYW 1 — 3 FUlHAN intraclass correlation 0.7 —

0.8 WLILAALNINS 2 g arunanin 1 Uszifiunnsimaaulusaniasaaininelfating

4‘4' A 14 '
Lﬁ@ﬂ@iﬂLL@ZLLNu&]N
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3.3 NMSWAIUIANNISIUIaUS Il und AN Eanale LaswiuASIRILAN N

3.3.1 NAULUIAANISANEN

II

III

v

VI

%1 Validity LLAas Reliability

2484A1 % BF A1NLe7ad DEXA

\ 4

WALIANNITAUITS % BF 41N

Anthropometric method

\ 4

Cross validate LN@VAZAL 4NN1T % BF

{1N Anthropometric method

l

NAUNFNN1TNUNE % BF

RMNAN BMI

Y

Cross validate Lﬁﬂ‘ﬂ@’&@‘u

ANNIT %BF 91N BMI

\4

1da1n17 %BF 910 BMI 1l92tH1326 1

%BF 2183 BMI Reference IFI"N”I
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3.3.2 AUABUNITANEN
. N9 Validity way Reliability 18961 % BF a1nuAsad DEXA 1849 I99WeNU1aIuN3 LA snel

nguang 16 — 18 T (4C) ¥4 2 et (Sample design 50 AW, Sample collection 55 Aw)

4C DEXA 51151
! l
% BF 4 % BF ppxa —ac
i [
[ I
Correlation Bland - Altman
! '
1 Coefficient Limits of agreement

II. NIIABUIANNITANUIU % BF AN Anthropometric method (N394 - Fadngausine ve

$19N21) BaINgNaE 10 — 18 T 919 2 Lnd (Sample design 380 AU, Sample collection 380

AL)
DEXA 5131508 Anthropometric assessment
% BF DEXA_Validation Wt, ht, circum, skf, age

multiple regression

% BF Equations model GIING]
a

a A A 2 aa a aa
WANTRUABN Eq NHAT R WA SEE ANGA LL@%@Z@QﬂI‘I&VI’Nﬂ{]UWNWﬂV}Zﬁ@
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a

o

. NINaaau %BF Equation NWRIUN

4

(Sample design 120 AW, Sample collection 129 A)

DEXA 5111519

Ausnanguant 10 — 18 U (cross validation) 714 2 1w

Anthropometric assessment

!

% BF Equation

0
/o BF DEXA_cross

!

% BF g

Correlation

'

|
Bland Altman

1 Coefficient

Limits of agreement

v
%

IV. NMIWENWANNNIYINUIE % Body fat AINA1 BMI 2183nguang) 10 — 18 T i3 2 i

(Sample design 1980 AU, Sample collection 1,967 AW)

Anthropometric assessment

—

BMI

% BF 910 Equation

Simple correlation

A\ 4

Equation NUE % Body

fat A1NAT BMI
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V. NM3NA&aY % BF Equation 415U%11e % Body fat an BMI fnaingueng) 10 — 18 1

(cross validation) 494ngFAaaLNNNN1IUsEIY % BF ANLATad DEXA $I8NBUA 19 2 LA

(Sample design 500 AW, Sample collection 509 A1)

DEXA 511508 BMI
% BF Equation BMI
} '
% BF ppxa % BF g\
I |
| |
Correlation Bland Altman
A1 Coefficient Limits of agreement

V1. Ma1n17 %BF a1n BMI Ueziduszmil %BF 184 BMI Reference Ny INANNTNANTON

lA8N cutoff 184 BMI Amnnzandniunistnsedaninsinauinisinulsnling

14 % BF Equation BMI /111891 % BF
Y94 BMI cutoff 1uueagBMI Reference
A I o a A A
mﬂummmﬂszmumaﬂmfmmimuﬂﬁu%

luneazszan luunazine

l

AANYINUNE % Body fat 284 BMI cutoff

luwsaz BMI Reference Nazfiauszsiu % Body fat

AAndHNzan NN aN 1L InTuNNN9RU TR AN A
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3.3.3 msusziiulusiusanialagld 4 Compartment model
3.3.3.1 NANARENNITANT

AnsalssBaunazaonlunsiudeya 3 TeesBeu (s.9.u@naanayami, 3.9.070au0
Awndnends uastyu uaz 9.9.5nuindundanlng uasilnel Aanen) Tuatanuzag HinAses
waziinFaulseliingauadasladiduiasnisies andhunnameas 25 au ldatanasing

IS a | = 1 ]
878 16-19 T 118l 29 AU uazuedd 27 A st 56 AW Tnadn1nzlnauinisetludog + 1

sD Tngldnsufsauiieuiunasininsgiuresnisasydvinresdning a1g 1-19 T 289

9
NIENTINANDTULY ©

3.3.3.2 nMsiudayan1sAnsn
nsiszifinlaiulangds 4 compartment model § assumption Ae $19NNeUsEnaLfag 4
da1 Aedauniluleiy wazdounldldlusiy dedseneusdagFunnsinlusnenia(TBW) bone
mineral content (BMC) wazt/3unaunanuiiia nnsundsnnnsinlusnanie 43t Isotope Dilution
technique Taeild Deuterium (D,0) uaznisunfsuunszanldss Dual Energy X-ray
absorptiometry (DEXA) WAZUIANNALILLLL89919718 (body density, Db) tnaldagnnsds
Wudnl@in (Underwater weighing, UWW) @qangnasiasleninisnageusia 3 25 1udu
g e o X
WAeIRUsall
- 1 Suneunaiudeya  vemdNdanialiianaainsaniseanindinie  wazn
DINIUAZLATANANUAY 22:00 W.AUDE A Ldaya
- 6:45 . FuaanddasnlsaEeu
- 7:00 . Fermtin adauga
- 710 W 9aFunauihluienng Ieefusnanemsan 1 eeldenanasinstiulduan
wangin U3u1ed 2 e, uasanniulinn Deuterium Oxide 1U3WNoW 0.15 n5a/
wMHNAY 1 ntandy wdalenanadastiannuy 2:30 4.9, (BN liana1ung
WPIENAN UAZNITEANAIAINIE ANNNTONINANITHLNT) 1TW LauAeNRaeT 7ITA
1 o A D,
anumilagals)
- 7:30 . datFunaelusiusaeirsee Bioelectrical Impedance Analysis (BIA) Tngild
OMRON HB-3000 3nlusiulsnamiasneadas Skinfold Caliper hazt&usaLngmag
U . o 1 & < o/ 1 o va v Y
M3l measuring tape AWInIMALefEus lasusannaannladuldRonilasae

Aaun13989 Durnin®”
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1
val

- 9:40 W WLHANeAIN 2 udaihae i 2 af iulinguungi —80 aeen

Q

INaFTENA9RLATI TN E NN N Tusannesia
- 10:00 u. W5utsenua1nn i
- 12:00 w. SpAnuuuIuLuNITaNAaLATas DEXA Taanisulaaugalsanenuna nan

LAFDILTEALNNTLA UOULULATASALNY WIULITZHI 15 W7

1
= v Aa o

- 14:30 w. Saffunnladusaanisdaihuinlfinnanniiiasinauinisiaalifldge

ST T H v 8 v o A | - =
AU TNUINUN BILUT ATENN LL@QI‘VILLQT_ILLLW]@VILL“]J’Ju@iI:LuLLVNﬂu’ﬂUIMQ_,ISN[51@

1
a

Auesastaiminienualoaldpeniowmes  Audnsesiegszduan 9
anaadnsvnglaeanlivun ndunigla AnAsurldndauaesinaniaaue e 14
a1 7-10 AN luNede 1 AF ¥ 8-10 A% UAAnTastin I lunisd
L : Codod @ ¥ v as¥d s a oy
wiazafgegn 3 A1 Nwnaeddedludinlsiniuiase daldAiwanm
ANNURILUUINNNE N191IAY Residual lung volume tdun1sussunnimlng

2)

4 3 ' o
ANNN3789 Goldman and Becklake' %qﬂazmmmmnmmqwmmmmm

[ %

N

=he

Male RV = 0.017 (age in years) + 0.06858 (stature in inches) — 3.477

Female RV = 0.009 (age in years) + 0.08128 (stature in inches) — 3.9

1A RV AlFunuaAn lugun1ti ain ANt L ULaa 91901l

Body density = Weight in air (W,)

Weight in air (W,) — weight in water (W,) — (RV + 100)

Density of water

e W, Ae twminluennia
w, Ae hainlanin
RV Aa Residual lung volume
Density of water A8 ATLLLTBN ATl E AR (N1ARWN 2)

1 1 a aa 43
100 Aa Anaasandlu Gl tract Tnetszunns Svaendlu Aadans
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:’/ o 1 1 1 dl o & & o/ 1
AMUUUIATAITHNUUN LLuuﬁ"Nﬂ’]ﬂWiﬁﬂﬂ mmmmLﬂmtfﬁum“lmumqmﬂim

Hauntsuas Siri“”
% Body fat = (4.95/ Db - 4.50) * 100

daunsauanutlafidusladusenieainas D0 Gaflu 2 compartment
model Aaf19NTeLLNaanidly 2 491 (FM was FFM) Taeidl assumption dnBunauinlu
FFM agilrnlszannt 73.2% Teanansadumnsnesidudlafusene mmzﬂmﬁ\‘rﬁ
Body Mass = FM + FFM
FFM (kg) = TBW /0.732
%BF = {[BM - (TBW /0.732)] / BM} * 100

LaznnaAanefifudlasiusennaannda DEXA daflu 3 compartment
model Tnsitiasnansaanidlu 3 491 Aa Fat mass + Lean soft tissue mass (LM) +
Bone mineral content (BMC) lnganAavannisinuia@dianisd 2 s2Au (40 kV uaz 70
kV) meqﬁmmzdmlumim@r:huﬂumi“ﬁtﬁﬂwsfmm%\i 2 sTHL %ﬁu@g’ﬁumﬁwm

pEMLILIY  uazansai TudaulsznensineT]  989d9nie BannsnA T aay

wafifuslusiusenig mNgNnng f9
%BF ={FM /[FM + LM +BMC]} * 100

- Lﬁ@iﬁ%sﬂ@ﬂ?mmﬁﬂuéwmﬂ (Total body water, TBW) a1nn139a Deuterium
dilution technique ﬂ?mmmamz@ﬂ (Bone mineral content, BMC) N33 DEXA
LAZLFNIUAINILNLLLINNNNE (body density, Db) ANt diuga
ihdayaildunduanmnidefidudlatusenalagldannns 4 Compartment

45
model 283 Baumgartner( )

%BF,. =205 * (1.34 /Db - 0.35 * (TBW / BW) + 0.56 * (BMC / BW) — 1)

v
¥ o

al/ %’ o 9/201 ac -dl o Y a ¥ a
astatiminlfin  Wudsnnsiannsan liinanistelianain (Error) lanndumney

q

TRNNAULATEINE MATATINENAREY uazANTINNaaevdgnvinasy Aaiuine lidasyai la
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= LA A A =2 o P 4 A L
quuu%‘ﬁ@n@uﬁﬂmﬁm “]\‘]Nﬂqﬁ/]mmﬂﬂﬂ'ﬁ’]ﬂgﬂm‘ﬂ\‘iLL@SLWE\?W]?\‘W@\‘]LF‘W?@\‘]N@ (rellablllty and

v %
aa o

accuracy) 1AgN13EUINUENWMANAREULTIN 1, 2, 3, 4 LAy 5 NIaNTN WAAZAURENAZANUIY

10 AT AINTRAIKIUIN AL B ST UAAINNRANANATRINITENUAT WAZUIAN coefficient of
L A o 2 4 L ! | Ao o o aa

variation (CV) IUDNLATRNTN mmmié‘ﬂmmmLme\mmmuﬂmmmmmmm (P>0.05)

(NMARWIN §) wazrianmmeasunisfaiminiresnwatieduou 8 Ay delda cv T

5 % AILARS LY (NARKIN N)

3.3.3.3 aDAN L buNSANEN

ﬁ'ﬂL‘]J@i%um“lmﬁuéwmﬂﬁiﬁmﬂmﬁmimﬂﬁcﬁﬁmj (UWW, DEXA, D,O uay 4C) 1§
uansuailudnade + mﬁmmummgm Tneldlsunsndnidagl SPSS for windows
version 11.5 (SPSS, Chicago, IL, USA) vnsuBeudiauaaasle fiduslasiuildannas
51197 138 4 Compartment model Ingld pair ttest AuATITIANMNANRLTIZUININIT AL
A¥AT 11LAT 4 Compartment model Ime’ld Pearson’s correlation way 1435 Bland & Altman
Lﬁ@@mwul,l,mmﬁhmqmmﬁﬂ LazNNIRNdAANNFanAdesT (Limit of agreement) LAy

o o

AUUAAIANNLANFANIRLNIlTRIANATYNI9alia 197 0.05 (p<0.05)

3.3.3.4 NANISANEN
o da = A . - -
1aaNAINdNTINNITANE TUARTNINA 56 AL 1TUTe 29 AL RSN 27 AU N

'
=

8199:191916-19 T Tunslid a1e 1 AU Nldanunsaneasudadeinuinlaunld inlidasyas

wundemziivae 55 au Wuene 28 AW wazwie 27 AW deAledsuazddesuu

wnsguresdeyarialiresenanadnsuanifianns e 8
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ms’mﬁ 8 Characteristics of subjects

Male (n=28) Female (n=27)
Mean + SD Range Mean + SD Range

Age (yr) 17.6 + 0.9 15.8 - 19.0 17.0+ 0.9 15.4-19.7
Height (cm) 171.0 + 6.2 159.5 - 183.3 159.7 + 4.0 152.0 - 166.2

Weight (kg) 57.2+6.8 44.3 - 69.0 49.8 + 4.7 39.5-61.5
Density (g/cm’)  1.073+0.012  1.051-1.092  1.052+0.007  1.036 - 1.065

TBW (kg) 35.6 + 4.1 27.2-42.8 274+22 21.9-31.7

BMC (kg) 2.54 + 0.45 1.42-3.23 2.14 +0.27 1.56 - 2.85

m‘s’nﬁ 9 %Body fat assessed by different methods
. %BF %BF %BF %BF

Subject (Meanng) (MeaniWSWD) (Mean%éﬁ) (I\/IeaniDZSoD)
Male 1144 +310 11704499  11.86+560  14.78 + 2.39"
Eﬁ;”;'? 21.64+324  2096+321  28.70+3.00* 2454 +210*

* significantly different from 4C model value at p<0.05

NAT19N 9 azwiuddefidusladuseniaannas UWW isananadasnauas s

1
aada

Tdfpnuunnsreannidesidudladunldainas  4C  edrelidadnAyn1eadsn  p<0.05

wefidudladunlagainis DEXA luanaadasieliiaauusndeands 4C doudaya
o o/ aa dl

o a A 1 1 A o @ o dl % as
ANRANANATINILUNNAIHLANFAWNBE NN ULATNATUNWNADF mm:mﬂmmumﬁhuuﬂmmmﬁ D,O

HALANENNaE T A1 ATYNINATAAINGD 4C TNANANATATTELAZ WY
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dl =] 1 1 a 1 o A dl = o 1

199N 10 wamsDeAuuANFNdNIstsziuan ladulag 195 s e e uiuen

4C wuans AN tatnuin gyl uay DEXA 1Elaaluananasdinsane Tauaeann e

NANAZAINIINITBEIUAIAIN 4C ANEIAN -0.25 + 2.44 % UAT -0.41 + 3.81% ANa1AL Lazlu
o a oI/ 9o/ o 9/%/ al Aﬂl v a o Aﬂl 1 1

adnasAIvie netaiviinl@uiasiannndiAesiy 4C 71 0.68 + 1.74% dauAna89 DEXA

FIN997N 4C D4 -7.06 + 2.69% @dunnstlsziiiuanladulaeld D,0 WuANWANGINAIN 4C A

-3.34 + 2.77% lua@nadAsmne uaz -2.90 + 1.08% TuaaadATuN

mi’nﬁ 10 Differences between percent body fat from 4-compartment model and

percent body fat from single method

Male (n=28) Female (n=27)
Mean SD Mean SD

4-compartment model minus:
uww -0.25 2.44 0.68 1.74
DEXA -0.41 3.81 -7.06* 2.69
D,O -3.34* 2.77 -2.90* 1.58

UWW, underwater weighing; DEXA, dual energy X-ray absorptiometry; D,O, deuterium method

*: significantly different from 4-compartment model value at p<0.05
A13799 11 1un13ueneAn R way SEE AUaniaanNENAUsiLA1 4C 4R N394
wninlsiun wazanaslunisinain DEXA uay D,0 mnanau atelsfinen SEE aglunoet

75NN Ineldnn91aniseenium SEE N1m9§IW MINANTINT 12
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ms’mﬁ 11 Summary of regression of percent body fat by the 4-compartment model

against other single method

Single
method R® Intercept (%) Slope SEE (%)
UwWw
Male 0.85 4.74 + 0.60* 0.57 + 0.05* 1.22
Female 0.73 9.18 + 1.52* 0.59 + 0.07* 1.18
DEXA
Male 0.58 6.44 + 0.92% 0.42 + 0.07* 2.05
Female 0.59 9.32 +2.07* 0.43 +£0.07* 1.46
D,O
Male 0.27 1.54 +3.27* 0.67 + 0.22* 2.71
Female 0.54 2.39 + 3.55* 0.79 + 0.14* 1.54

UWW, underwater weighing technique; DEXA, dual energy X-ray absorptiometry technique; D,0,
deuterium technique.
*: Intercept significantly different from zero, or slope significantly different from 1.0; R’, coefficient of

determination; SEE, standard error of estimate.

m1519% 12 Standards for evaluating prediction errors 30)

%BF Db (g/cc) FFM (kg) Subjective rating
(SEE or TE) (SEE or TE) (SEE or TE)
Males and females ~ Males and females Males Females

2.0 0.0045 2.0-2.5 1.5-1.8 Ideal

2.5 0.0055 2.5 1.8 Excellent
3.0 0.0070 3.0 2.3 Very good
3.5 0.0080 3.5 2.8 Good

4.0 0.0090 4.0 3.2 Fairly good
4.5 0.0100 4.5 3.6 Fair

5.0 0.0110 >4.5 >4.0 Poor

SEE = standard error of estimate; TE = total error or pure error.
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UAZIHEUIANNANTUTIZUINGAT 4C ALATANT Az 38 UWW HRponudniigy
49MIaNANalATIELATNIN (R* = 0.87-0.92) 42135 DEXA azatszaunmninantias (R° =

a

0.76-0.77) warAuduiusanaaulaldds DO (R* = 0.52-0.74) Aauanslun131eh 13 uay 14

ms"nﬁ 13 Correlation coefficient between percent body fat from 4-compartment model

and single methods in male

%BF4C %BFUWW %BFDEXA %BFD2O
%BF, . -
%BF 0.92 -
%BF s 0.76 0.76 -
%BF 0 0.52 0.19 0.29 -

ms"nﬁ 14 Correlation coefficients between percent body fat from 4-compartment model

and single methods in female

%BF . %BF %BF pea %BF 0
%BF, . -
%BF 0.87 -
%BF jea 0.77 0.61 -
%BF 0 0.74 0.31 0.59 -

%BF,., percentage body fat from 4-compartment model; %BF ., percentage body fat by underwater
weighing; %BF.,,, percentage body fat by dual energy X-ray absorptiometry; %BF,,, percentage

body fat by deuterium method

Bland & Altman analysis tumaiiafitinunldimmsiifeueniapniudenadeduas

1 dll oI/ 1 @ o dl a ada o Qdd‘l nI/ % o 2/90/
goaponnm@esi  seudnadefidudlauilssifinands 4C Audtan  (n1edatiminlgin,
DEXA uaz D,0) Imtl plot ﬂmWiszNﬁif]Lfaﬁﬂmf]mmnﬁhwmLﬂ@ﬂeﬁum"lmﬁumﬁ%m@ﬁuj

iy 4C AuAtedsilefidudladureditnimiuy fu 4C lnedninAanaenades (imit of

D

agreement) NANLRALIBIANNAN +2SD

71

% 1

i lFinaessauas i anuatAl ne ANRALAINENY +2SD WL 5.13% way -2SD

'
Y !

6 — 7 uananNANANTUSraafiFus luiundnlaszudne 35 4C AUATNNITa

=)

Wini -4.63% TuwAgng was WAL 2.80% LAz -4.48% LAANARLAINNAINTD

o o

WWATNRIWINAL 0.25% Winfl -0.68% T ldTArnuumanaAeiuaeneldadAtynieaia (p>0.05)
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a3qlugngilsedou

+28D

2

=] o

2 3

= o

, Od a

E a o =2

= o =]

g 24 fa] o o
)

-28D

Mean of %BF, and %B gy

iﬂﬁ 6 Bland-Altman plot showing the limits of agreement between percentage body

a

fat calculated with the 4-compartment model (%BF, ) and percentage body fat

calculated with the underwater weighing (%BF ) in male

- +28D

%BF gy - %BF, ¢
(3]
L |
]

Mean of %BF,¢ and %BFyyy

’iﬂﬁ 7 Bland-Altman plot showing the limits of agreement between percentage body

U

fat calculated with the 4-compartment model (%BF,.) and percentage body fat

calculated with the underwater weighing (%BF ;) in female
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[ % |

717 8 - 9 usssieANANTUsIRNafidus luiundnlAsyud it 4C U35 DEXA

1 e

PNTUUALAIAINRAL Tael ANRAEANANN+2SD WAL 8.03% uway -2SD Wi
7.21% lutng uasivinty 12.44% Uay 1.68% MUNMIN LAZANARLANANTANTN WAL
a o

0.41% TsldTAuunnsneed 9 liad1Aun1eada (p>0.05) Tuanuziwarinty 7.06% 98

ANNNWANANATUA p<0.05

8 +25D

= Mean

% BFppgs - %0BF,c
o
o
o
a
a
o

-28D

0 10 20 30

Mean of %EF,. and %BFpexs

gﬂﬁ 8 Bland-Altman plot showing the limits of agreement between percentage
body fat calculated with the 4-compartment model (%BF,.) and percentage body

fat calculated with the dual energy X-ray absorptiometry (%BF_,,) in male

42



+28D

Mean

% BFp s - %R,

-28D

20 22 24 26 28 30 32 34

Mean of %BF, and %BFpgx,

gﬂﬁ 9 Bland-Altman plot showing the limits of agreement between percentage body fat
calculated with the 4-compartment model (%BF,.) and percentage body fat calculated

with the dual energy X-ray absorptiometry (%BF,,) in female

1
o

91l91 10 — 11 uaasteAuduiusaaatlafidusladundaliszudnels 4C 7U3s D,O

PNTEUATVINATNAAL Tne ANRAEANNANN+2SD Windu 8.88% uay -2SD Wiy -
2.20% lutng Wazyinfiu 6.06% Waz -0.26% TUVIN ANNAIAL LAZANLRRHAINNANNTSTNE
Winil 3.34% uazniaminny 2.90% Teaziiuldanvieanauas e liA1ANNLANGI9T89N1g

o o

anudefifusladuann 4C uaz DO AauuanaN et lTadATYN19ads (p<0.05)
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gﬂﬁ 10 Bland-Altman plot showing the limits of agreement between percentage
body fat calculated with the 4-compartment model (%BF,;) and percentage body

fat calculated with the deuterium method (%BF,,) in male
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gﬂﬁ 11 Bland-Altman plot showing the limits of agreement between percentage
body fat calculated with the 4-compartment model (%BF,.) and percentage body

fat calculated with the deuterium method (%BF_,) in female
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a
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FEmsfariminlgi uaz DEXA wafiduslusiuaasisluwpmauazniad i Tiudnazie
gindanandusiadiedn  Twwnsidesidudlatuiiléandd D0 anAmeuazvde
wnlifdndiinsmndnasifiuaie

annsf DEXA hidsfinen dussdiulasiusenie Asdndufesdinnsuuiigan

n138nu DEXA Tnald35n1e 4C lunan fauanslugilyn 12 uanads Bland-Altman plot 194919
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INATELATUEIN ANANYATIUAINEN Wetnmeaeulugilifaaiu nedeya % lviuau

49

Unfiwagie agldiAuen 18 uaziiu 18 luwAndge aziiudnlgluiuszaunisnaanaani

o o

o o oo d} M v = dl a ] dld
m@%muwuﬁﬂmmﬂwu miuimw}mmmmﬂmmm@umwwﬂumﬂmyq WALNADIENH

laugefianadaAnaaapdsuLuuREaiumwAndN  WewAladunguaniia DEXA uay

4C Anmauduiusiusuanslugiln 13 azlél Correlation Equation Al

% Body fat 4C = 5.156 + (0.561 * %BF DEXA)

ImedlAn R Square Linear = 0.89

diff.(%bfdexa-%bfdc)

L = | e s ew P

I I I I I I I I I I I
6.00 00 1000 1200 1400 1600 1800 2000 2200 2400 2600 23.00

bfdc

gll‘?i 12 Bland-Altman plot showing the limits of agreement between percentage body fat
calculated with the 4-compartment model (%BF,;) and difference of percentage body fat

calculated by dual energy X-ray absorptiometry (%BF_.,,) and %BF,. in both sex
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bf4c

gﬂﬁ 13 Correlation of percentage body fat calculated with the 4-compartment model
(%BF,.) against percentage body fat calculated with the dual energy X-ray

absorptiometry (%BF.,,) in both sex.

3.3.3.5 agUnisusziiulaiulunsasigiliainanlFauiaunuis 4-compartment
model (4C)
dld ] ! | % ] ! li! o b4 ‘ﬂl v o

AnnsnanfsuLNsanteaaniy 4 4o wdawsazdaulaanse aainlinaadesiv
assumption HaefgAtiu Us1nn91 38 UWW minnzduiuiaztisn unulunisdssiiivladi
Tuga9a1g 16-19 T sisznauaznee 49uda DEXA agldldlanizimaany dounwantanudnd
ANHUANANNY B0uzh D,0 felimunznaztinanldlunguasnanavisanauaz e

tausd uww iThiaEn g FRwsfesenluni9dn anaeh DEXA Hnnsldaenandneunng
2t lafiAneudA DEXA lugusisazauanlfraudneunnsgain 4C a9a1aaziiainiazes

PP ° N o 4 yoae @ | o

DEXA Nidauatnwg Tunsdssifiulasiuuanwaze ldiniu azwiudiainisaulasti

A117015Ua1NN12811 DEXA Tagdsrnann 4C Talaaldaunig sananoudndnesiu
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3.3.4 MINAUIENNITA LS lusiunas Anthropometric Assessment

3.3.4.1 NRNARENNITANTN
Ansalss@ausneTmannny. wazilinnma aawau 10 TsaEau dsznaulldoy
Tradeutlszon 4 Tsadeu Wun TreBuunaemdsmun Tsdauscipivsss Treduuin
ARILAY TaeFeuAaeLaney TeaBeudsen 6 Taaimey loun Teaisausaumgldus
TeFaungyaunfeninendy unstgn  TneFewiauln@unsaning vastinmi aranen
Taaeugassnunaunan TasBauniinadnayasnd uazlaizaudnisnnng taoaglien

18 / MY 8% 10 — 18 T A9 598 AL

[ ¥
3.3.4.2 MsINUTayanIsANE
= dgj = YA = ¥ o A
- PuUTLAIEaiaeATedlATNTUN LTI EEW AnleAg HinATeuaiiniTau LAY

% ¥

Fsunsusenanniunesesfisunldiymsvaiudnsanfanssulasanig Tnedaulug]
SugenlsauriaianssulssiiulasiuassyAunisndeulnesanie
- gilunsdaiminSadaugs seudndulszaadnenii 4-6 wasulsuAnuia 1-6
Tnelfinusiunsgruninasoiduineeadinlng® Lﬁ'@‘ﬁﬁma‘ﬁmLﬁ@ﬂﬂzjmﬁﬂﬁﬁmq:
Tnaunnns nszanedi -2SD : + 1.58D : +25D lugmsndau 2:6:2
- naneuege ang 10-18 11 lagnidenuasynaasiiniudayanisinladusieniadaeanig
nlusTul@Ravila (SKF) waznn3dm Bioelectrical Impedance (Omron HBF-300) waztinld
SADEXA # W, $1unBUA
- iudayanisdnlasiuliRanile 5 Aunis (biceps, triceps, subscapular, suprailiac Uay
calf) Lazldusanag 7 AMUULN (mid upper arm, hip, waist 4 ALULY WAE calf) TN
598 AU
ginsaluazvindnunsguseuandunIANuIn 00,0 WAz M
3.3.4.3 ADAN M L UNSANEN
N13911 validation & cross validation Ffn133tAT1f UL Multiple Regression 3tAT1ei
ueninAlaeldfiautsain  (dependent variable) fluAiesifusladuann DEXA (%
BF_DEXA) wazvnaaaslasiouilsdasy (independent variable) e ag) S Auga
patiuaania (BMI) laduldiamis uay dusennsienie naaedininziiag Model lu
suuusne Inensdensaulstaszuuy Stepwise i lldannisinunaesidus lasy

fn9n1e IneaengaunisnAdulss@ananisindula (Coefficient of Determination Adjust:
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R) me"]mmuﬂarﬂmumn%m%waﬁuj (standard error of estimation: SEE) a¢/lutnauat
a (30) A a o .o =
Niala™ anduninisimaeilagld Bland and Altman analysis WNaUaN0NAMM

WANFANSIRIALRAL  (mean difference) WAy AINN@amARadNaaNsuld  (imit of

agreement)

3.3.4.4 NANISANEN

2ANAaNATINEULN 598 AU ULYNARDEN 29 AU BAIN WHZ- score HANNINNIN
dl ' [ o dl o o 1 1 ca o all A
4.0 Fepnallmunzaniunswauannaieritug lasiusenig eenglsinaiuiuiiiae 569

1
@ o A aay

AL ATNAAN missing value asFRaanan WanawLitdeyansy 509 Al (anfaadaly 500

a

) uazieaduinaldpaniomnes wanwAsa/me guilssnns 75% wesdayasenanoiive
Lﬂuﬂ@juﬁmmmms (validation group) 994 380 AW (118 181 AL LLZ\]ZW‘DQ 199 A) WAz
mﬁﬂLﬂumjﬁmmmumumi(cross validation group) 994 129 Al dutne 60 Ay LL@W@Q 69

AL (A vneRfeldlddaandmaas 60 AW fauanaluld Profile of the subject

Profile of the subject

598 subjects aged 10-18 yrs

weight for height z-score (WHZ) proportion 2:6:2
l exclude WHZ > 4.0 SD

569 subjects (WHZ < + 3.99SD)

509 subjects (completed data set)

validation (n=380) cross validation (n=129)
male female male female
(n=181)  (n=199) (n=60) (n=69)
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ANANTNT 15 WEASANLRAELAZATIAINNAAIALAARWIBIAULS anthropometric L

AdRladulERIMIS (SKF) wazA1inLdusanag (circumference) TnaiueninAueIngu validate

WAL cross validate

mﬁ"nﬁ 15 Characteristics of validation and cross validation group stratified by sex

male female
validation cross validation validation cross validation
(n=181) (n=60) (n=199) (n=69)
age (yr) 1325 + 230 13.80 + 2.37 13.90 + 2.41 13.68 + 225
weight (kg) 4739 * 1330 5191 * 1278 4474 * 1062 4734 * 1147
height (cm) 153.84 * 1351 15904 * 1327* 15261 * 875 15169 * 8.41
BMI (kg/m’) 1973 * 376 2028 * 347 19.03 * 354 2040 * 397"
SKF (mm)
biceps 6.45 * 3.50 650 * 373 732 * 309 811 * 312
triceps 11.65 * 566 1159 * 5093 1413 * 504 1546 * 515
subscapular 948 * 425 10.02 * 4.01 10.70 * 4.09 1223 * 4.56*
suprailiac oblique 915 * 514 949 * 473 1093 * 423 1219 % 4.40*
suprailiac straight 1430 * 885 1534 * 8.88 16.00 * 7.09 1752 % 647
calf 10.67 * 561 1141 * 6.14 13.09 * 541 1456 * 519
circumference (cm)
mid arm 2378 * 364 2455 * 337 2270 * 332 2382 t 3.84*
WC1 69.36 * 1033 7185 * 9.90 66.69 * 8.26 68.59 * 9.02
wC2 67.46 * 9.33 69.26 * 858 6322 * 726 65.46 * 8.45*
WC3 7179 * 1002 7496 * 969" 7213 * 907 7449 * 10.13
WC4 7021 * 1062 73.05 * 10.29 68.27 * 859 71.04 * 988
hip 8143 * 970 85.03 * 9.12¢ 83.09 * 906 8559 * 955
calf 3252 * 402 3383 * 3.76* 31.85 * 367 3289 * 3.72¢

WC1: at mid point between lowest rib and the iliac crest

WC2: at the narrowest waist

WCS3: at immediately above iliac crest

WC4: at the umbilicus level

* Significant difference between validation and cross validation group p<0.05 (unpaired t-test)
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nsa¥eannisilesidusladi(model) TneBiaszif multiple regression @1z lungu
validate NGNHTNY 181 AW WATNANEUUN 199 AL AT NANNITIALILENINA anAnsauLls
#1108 (Dependent) AaAniLlafiduslusiuaes DEXA wasfiansaundautlisassiiananasas
uls DEXA Tazsauusniftisautls@asysinedn model Lﬁﬂ@@%%ﬂ/\l@ﬂmuﬁi@:ﬁﬁ’)LLﬂ?‘IZV\imJﬁ
Inelasauls age weight height BMI biceps, triceps, subscapular, suprailliac oblique, calf
skf, mid-arm waist, hip waz calf_circumference ITngaandanisdnfaulsdassuAasFiawuy
stepwise agnudFaulafiiEvEnasaannisinunglau (DEXA) lungudmelfursiuls
a9 age height mid-arm triceps suprailliac oblique wazcalf_skf 16An R = 0.909, SEE=
0.071 lunguiuigeldsauilsdass BMI triceps suprailliac oblique wazcalf skf AN R® =
0.879, SEE= 0.045 uazldfinsaediinmzilagldmudmanaguun aulufigelwamn

model 88NN 4 equation Fananali M9 16

m%"nﬁ 16 Developed percent body fat (%BF) equations from skinfold measurement

compared to percent body fat from DEXA

model log (%BF from DEXA) R SEE

male
equation 1 1.433 + [1.039 x log (4skf)] - [0.746 x log (height)] - (0.011 x age)  0.907 0.072
equation 2 -0.114 + [1.143 x log (4skf)] - (0.018 x age) — (0.008 x BMI) 0.905 0.072

equation 3 1.700 + [1.034 x log (3skf)] - [0.820 x log (height)] - (0.012 x age)  0.909 0.071

equation4  0.018 + [1.137 x log (3skf)] - (0.020 x age) — (0.008 x BMI) 0.907 0.072
female

equation 1 0.137 + [0.785 x log (4skf)] 0.871 0.047
equation 2 0.239 + [0.636 x log (4skf)] + (0.007 x BMI) 0.879 0.045
equation 3 0.204 + [0.780 x log (3skf)] 0.869 0.047
equation 4 0.300 + [0.619 x log (3skf)] + (0.008 x BMI) 0.878 0.046

4 SKF = biceps + triceps + suprailiac oblique + calf
3 SKF = triceps + suprailiac oblique + calf

equation 1 : ldAauLl98452 age, weight, height, 4skf
equation 2 : ldsauLls8a92 age, BMI, 4skf

equation 3 : ldsauLls8as2 age, weight, height, 3skf

equation 4 : ldsaulseass age, BMI, 3skf
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WaRangaenannite 4 equation Ingl equationt waz 3 U equation AldFauls age
weight height uAR1eTUnldAYR skf LLLdA 4 AN wazdn 3 AN AMNATAL dau equation 2

wa 4 ldeauds age BMI wazl@dandn skf 4 AUAY 3 AMAINANAL AZWLIN equation TUAY

o

equation 3 Tunguianesaulsiidnannislunis run model azwdieuiuAardn skf height

¥ o

waz age luaniennguiudiesioulsnidnannishas skf it 49U equation 2 waz equation
4 fyulsidnannislunguianaae skf age uay BMI dasunguiucjadnannisienny skf uay
BMI
dl I 1 dl 1 dl & & L4 dl ° .
aneend 17 iudadsuazdaudeauuninsgiulefiduilaiuniiuns(predict)
AINANNIYN 4 AINANIWN 16 InsusninALazuannguiilu validation wag cross validation
groups tnguansAnaLiuAresafidusfladuainAnmnsgIu reference Ae DEXA @

Wugn Alafimus luduiiléiann equation 1 09 equation 4 Tdsineiuiupn DEXA Tungugane

'
Yy a a a

v v
VNgu validate Waz cross validate 491 lunguemeaNianie equation 2 WintiuisineiL
DEXA luvisnga validate Waz cross validate

\HaWEUAT %BF A1NN19811A Omron WAAINANNI9184 Slaughter NHianldlungs

LAN AZIUATNIANANNYRITY 2 A1 AINANNIATTIN DEXA p<0.05 Aauandlumisnei 17
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El'l‘i’lxi‘ﬁ 17 Percent body fat from DEXA and equation in the validated group

and cross-validated group

validation group

X + S.D. (range)

cross-validation group

"X + S.D. (range)

male

female

%BF_ DEXA

%BF_ equation
%BF_ equation 2
%BF_ equation 3
%BF_ equation 4

%BF_ Omron

%BF_ Slaughter, 1988

%BF_ DEXA

%BF_ equation1
%BF_ equation 2
%BF_ equation 3
%BF_ equation 4

%BF_ Omron

%BF_ Slaughter, 1988

(n=181)
20.30 + 10.46 (5.30-44.80)
20.29 + 11.58 (6.73-60.56)
19.86 + 11.10 (6.60-57.08)
20.32 + 11.57 (6.67-60.78)
20.05 + 11.20 (6.61-57.81)
21.59 £ 6.68* (8.95-37.50)

17.4 +8.1* (7.2-41.9)

(n=199)
27.23 +7.85(10.80-47.60)
27.14 £ 7.75 (13.26-48.44)
26.66 + 7.68* (13.29-46.93)
27.09 + 7.68 (13.09-48.56)
26.99 + 7.81 (13.27-47.85)
23.04 + 6.62* (5.65-37.25)

21.7+£6.2* (11.7-41.5)

(n = 60)
20.57 £ 11.17 (5.70-44.10)
20.23 £ 11.83 (7.76-50.92)
20.02 + 11.57 (7.75-51.75)
20.26 + 11.67 (7.74-50.99)
20.25 £ 11.54 (7.84-52.47)
20.27 + 6.82* (6.60-34.05)

17.9 + 8.6 (8.1-40.4)

(n = 69)
29.90 £ 8.01 (15.40-44.90)
29.43 + 7.70 (7.76-50.92)
29.14 + 7.90* (15.24-50.18)
29.35 + 7.65 (15.44-47.84)
29.55 + 8.12 (15.32-50.93)
2512 £ 7.27* (7.20-40.75)

234 +6.1* (12.6-38.4)

*Significantly difference from %BF_ DEXA within same sex and group, P<0.05 (Pair t-test)
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El'l‘i’lxi‘ﬁ 18 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit

of agreement) of difference equations to predict body fat compared to BF_DEXA

validation cross validation
r mean limit of r mean limit of
difference agreement difference  agreement

male

equation 0.953 -0.01 -7.63-7.62 0.965 -0.34 -5.76 - 5.08

equation2 0.952 -0.44 -7.71-6.82 0.957 -0.55 -6.09 - 4.98

equation3 0.954 0.02 -7.63-7.67 0.965 -0.31 -5.67 - 5.04

equation4 0.953 -0.25 -7.66-7.16 0.955 -0.32 -6.04 - 5.41
female

equation 0.934 -0.09 -5.57 -5.39 0.940 -0.47 -6.53 - 5.59

equation2 0.938 -0.56 -5.77-4.64 0.948 -0.76 -6.41 -4.89

equation3 0.932 -0.14 -5.65-5.37 0.939 -0.55 -6.63 - 5.53

equation4 0.938 -0.23 -5.46 - 4.99 0.948 -0.36 -6.17 - 5.45

AN3NN 18 WAPNANANLILANBANANNUS (coefficient correlation : 1) 18994 4

v a

equation tnedinguganedan 0.95 auhl doulunguinaeldan 0.93 aull lunnannisi

(Y] [
]

nqN validate waz cross validate (1A NANTNANRALUBIANHNLANFNNTZUINLL B F LT 16

'
KX a

lastuaes DEXA Auiefidusiladiuuesris 4 equation (mean difference) TadAagIng 0 @

v
o o

DednteanInuazANIANdenAReanaaNsU LA (limit of agreement) 1194 4 equation 1w
ngu validation lugmnawudndaegludomeeniu +7.7  dowlunidediAnegludeeaniy

a a

+5.7 daulungu cross validation lugaanudniAnag ludaanaeniu 6.0 doulugueeian

o

g/ luma98aNY +6.6)
AMNPLNNUNITINEFIU body composition TENUNN THANNAAT TRIANNLANNE
184 ethnic group Nailusfasiannisn1ainueanizaed population 1) Tneneuiuen
wmsguimsaniy (lunilie BF_DEXA) AsiunisAnmiiidunistiududiannisinimmn
AN population ButkealdwnzantuARng  wasiaunTNIRUNAINNNIANEIATIE 4
dl v A o o [~1 1 dl ¥ ://
aunisnmunzaslinaenlunisinngladusnnalunwsaunguilszanng Taanludaneis 4

aunislianugnsiasaeanisinuaaedtladuliseainniseuaAtan DEXA  wnusily
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gugenisvinunalaeldannisy 2 Anednvesfiunnladuseangusindnailiain DEXA

B (p<0.05) WAN17LEaNN1T 1,3 waz 4 wudn ldAnladsn9a1n DEXA
1)

o o

aeeldadAynneal
% o & a o aa vl (3
NNIUAASANNANRUSTRINNTIATIZIN AT A IA8NT1E95017 Bland and Altman

) = | < o oA Y | B TN
Lﬂuma‘l,mmmmmLLuumN@’m@um‘mmmﬂmwmﬂmumnmqmnmmﬂmw

(BF_DEXA) 81ntiagiba b An13anfinannaanadad (limit of agreement) lgaawinle
AN

AMANNIIANAMUNTSE 4 ANN1T  WINIUIAHANAUSTENI AN INWENLN LA

iwafidusludiundnlaainis DEXA 1neRs Bland and Altman linsnwuansfsgilin 14-29
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Validation group sex: male
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Validation group sex: female
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Validation group sex: male

20.00—
15.00—] o
o
o
®  10.00— o
3 (mean+2sd) 6.82 ° o
o
L o o
] @
S 5004
N
o o
L]
9
g 0.00—
(mean) -0.44
-5.00—
-10.00— (mean-2sd) -7.71
T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00
(YBFeq2+”/BFdexa)2
=
719 18
Cross validation group sex: male
20.00—
15.00—]
T 10.00— °
g
T (mean+2sd) 4.98
8
9 500
i % ® S
o
E c% fo) OO o
o
S 000 °% o5 © o9
0%6‘% o o]
0° ?;30 Q °© oo (mean) -0.55
(o] (o] o go
-5.00 3
(mean-2sd) -6.09
-10.00—
T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00
(YBFeq2+/BFdexa)/2
dl
79 19

57



Validation group sex: female
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Validation group sex: male
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Validation group sex: female
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Validation group sex: male
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Validation group sex: female
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Bland and Altman plot aziiulddniuneAfeaniennsay + 2SD Tnsanizaneia
TuwATie T 4 @NN1TTRITN LA ASANETLSURIANNARIALAA B UB LTSN UL LILALYIa 1
diaya Validate way Cross validate tneaziiulfidndl over estimate lutasiladuiiasnindn
10% wazllaiy  30%  2ouedaessudnanans azifnannalulunie  under estimate
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El'l‘i’lxi‘ﬁ 19 Developed percent body fat (%BF) equations from skinfold measurement

compared to percent body fat from DEXA by Sum3 SKF criteria

model %BF from DEXA R SEE
male
Sum3skf < 50 mm 3 age group
10-12yr  17.274 + [(0.776 x Sum3skf) - (0.127 x height in cm)] 0.928 2.343
13-14yr  13.398 + [(0.774 x Sum3skf) — (0.106 x height in cm)] 0.935 1.943
15-18yr  -19.207 + [(0.697 x Sum3skf) + (0.090 x height in cm)) 0.888 1.929
Suma3skf >50 mm All age group

47.121 + [(0.214 x Sum3skf) - (0.155 x height in cm)] 0.611 2.332
female
Sum3skf <50 mm 3 age group
10-12yr  -8.616+[(0.477 x Sum3skf)+(1.650 x BMI)-(0.298 x weight in kg)] 0.865 2.279
13-14yr  0.073+[(0.358 x SUM3skf)+(0.712 x BMI)] 0.808  1.930
15-18yr  -3.422+[(0.439 x Sum3skf)+(0.759 x BMI)] 0.772  1.947

Suma3skf < 50 mm All age group

- 5.077 + [(0.435 x Sum3skf) + (1.169 x BMI) — (0.13 x weight in kg)] 0.837  2.409
Sum3skf >50 mm All age group

5.086 + [(0.311 x Sum3skf) + (0.596 x BMI)] 0.629 2.497

Suma3skf = Sum skin fold of triceps, suprailiac oblique and calf in mm.

Pgun13anangei 19 Tl ldnnungAnladuluwanass 4 aunsldan e fidus
T3 (%BF_  equation_skf50_3age gr) uazlumAnielian wefidusiladu (%BF_
equation_skf50_all age group) kantinnFeuieuiy wefiduslagdie anan DEXA (%BF_

DEXA) wudn Tungu cross-validation group lfAnananuguaailasidusladuszudng

&9

!
=

%BF_ DEXA 11U %BF a1n equation lualilldunnsnariui P > 0.05 laeldn1smagey Paired t-

test WanaaaUftus st nnInaulnglEnqgusat1wiINALes validation group

Yy A o ° a v o =
LL@N@ﬂuﬂusLuVl’mmLmﬂfmu ﬂ\‘lLLZ‘iﬁﬂu[ﬁH‘i’NV} 20
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El'l‘i’lxi‘ﬁ 20 Percent body fat from DEXA and from equations in the validated group

and cross-validated group

validation group

X + S.D. (range)

cross-validation group

"X + S.D. (range)

male

%BF_ DEXA
%Bf_SKF50_3age gr

% Bf_SKF50_4C

female

%BF_ DEXA
%Bf_SKF50_3age gr
%Bf_SKF50_ all age gr gr

%Bf_SKF50_4C

(n = 181)
20.30 + 10.46 (5.30-44.80)
20.34 + 10.23 (3.50-42.23)
16.56 + 5.74 (7.12-28.85)
(n = 199)
27.23 + 7.85 (10.80-47.60)
27.22 +7.49 (12.37-44.97)
27.24 +7.47 (12.97-44.97)

20.43 +4.19 (12.43-30.39)

(n = 60)
20.57 £ 11.17 (5.70-44.10)
20.23 £ 10.49 (6.55-39.12)
16.50 + 5.89 (8.83-27.10)
(n = 69)
29.90 + 8.01 (15.40-44.90)
29.52 + 7.58 (12.30-46.91)
29.76 + 7.47 (14.04-46.91)

21.85+4.19 (13.03-31.47)

Non significant (p > 0.05) by pair t-test within group

ANTUAILATI LTI AN F NN UTIRIAMN W B F1F 16T TasTi

ANNANNTH BTG 16

Tasfuiuann DEXA Tasinnen Correlation coefficient kazunAAanNaanadasnaansula (limit

of agreement) lunstirannisllldisluaauazuijslaaiian mean difference a99A81N"T

AWMU A1 DEXA fadn1ng 0 79 2 e eluwrAtnauazue %9 2 group (validation

. . ‘ﬂl ! . . a 1 ] dl o a o
uaz cross validation) TaeifiAN limit of agreement llﬂﬁfaqﬁlumﬂ%ﬂﬂmuimwﬂ’mLL@Z‘VIQJG AN

wanlupNgen 21 uazgii 30 - 33

ﬂ’li’N‘ﬁ 21 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit

of agreement) of difference equations to predict body fat compared to BF_DEXA

validation cross validation
r mean limit of r mean limit of

difference  agreement difference  agreement
male
%Bf_SKF50_3age gr 0.980* 0.04 -4.14 - 4.22 0.981* -0.34 -4.80-4.12
female
%Bf_SKF50_3age gr 0.955* -0.01 -4.66 —4.64 0.945% -0.39 -5.63 - 4.86
% BF_SKF50_allage gr  0.953* 0.01 477 -4.78 0.944* -0.15 -5.44 -5.15

*Correlation is significant at the 0.01 level (2-tailed).
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diff.sum50_2 dexa
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waziteilunsnmaaeuAiunaiefiduslatuanaunsinmundnazinnmnne
lusziunmayaraldFunniasiiadladiediauiuan DEXA TaeRansan percentile Ny e
@mimmwﬁqmmLwimmjmmﬂLL@:Lwﬁmﬁﬂuu@%wm (n = 509) Wi AN InALAENUA
wanalumanadl 22 wazgLlit 34 - 39 (Meedeyarn percentile 18937 36 uaz 37 wanslu

AANUIN W) AU A4ATIEANNNTIUANNT 19 WNUENATIUANT9A 17

M15199 22 Percentile of percent body fat from equations

% BF DEXA
sex age group N Percentiles

3 5 10 25 50 75 90 95 97
male gr.10-12 103 8.62 10.84 11.64 1460 26.40 3490 40.18 42.02 4295
gr.13-14 74 593 6.30 8.30 10.88 1565 27.30 33.60 37.48 38.23
gr.15-18 64 6.35 658 710 8.55 11.75 1855 2510 29.58 31.18

female gr.10-12 96 1229 1340 1473 1843 2265 3195 39.68 41.61 4299
gr.13-14 77 17.77 18.77 19.86 2270 29.00 3535 40.38 4230 42.96
gr.15-18 95 18.34 1942 2212 2520 2880 3380 37.72 4166 4252

% BF_developed equation Eq3
sex agegroup N Percentiles

3 5 10 25 50 75 90 95 97
male gr.10-12 103 10.57 11.54 12,65 14.95 2421 3597 38.41 39.72 40.21
gr.13-14 74 6.64 7.68 9.08 10.95 16.48 28.61 3291 33.88 36.82
gr. 15-18 64 6.26 6.65 692 8.60 11.70 1751 2418 3142 32.04

female gr.10-12 96 13.23 1496 1576 1840 2298 3142 3819 4189 43.00
gr.13-14 77 18.10 18.88 19.89 2230 28.48 34.93 3840 4047 4224
gr.15-18 95 19.93 20.76 2210 24.68 28.04 33.78 37.89 41.41 42.06
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'§ﬂﬁ 34 Comparison between % Body Fat_DEXA and Eq_sum skf_50_3 age-group
in 241 male subjects

50

0% BF DEXA
B %BF 3Gr_skf 50
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% Body Fat

sl 35

Comparison of % Body Fat_DEXA, developed Eq_sum skf_50_3 age-group

and Eq_sum skf_50_all age-group in 268 female subjects
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m‘i’N‘Vi 23 Anthropometric data of Thai adolescent children, by gender

Anthprometric indices All subjects
Male Female P-value
No. of subjects 238 271
Age (yr) 13.3+23 13.8+24 0.015**
Body weight (kg) 48.2 +12.9 45.6 +10.9 0.019*
Height (cm) 154.8 +13.4 1524 + 8.6 0.021**
BMI (kg/m°) 19.8 +3.7 19.5 +3.8 0.243
WHZ score, Thai 0.55 +1.56 0.18 +1.48 0.009**
Skinfold (mm)
Biceps 6.5+ 3.5 7.6+3.2 0.001*
Triceps 11.6 +5.7 14.6 +5.2 0.001*
Subscapular 9.57 +4.1 11.2+44 0.001*
Suprailiac 9.21+5.0 11.3+44 0.001*
Waist circumference (cm)
-WC1 69.8 +10.1 67.4 +8.7 0.005*
-WC2 67.7+9.0 64.0 £7.9 0.001*
-WC3 724+9.9 729+9.5 0.541
-WC4 70.8 £10.4 69.2£9.2 0.076
Hip circumference (cm) 82.1+95 83.9+9.3 0.035*
% Total body fat (region) 20.4 +10.6 28.1+8.1 0.001**
Total body fat mass (kg) 10.1+6.7 134+ 6.6 0.001**
% Trunk fat (region) 20.1 +12.1 27.4+9.7 0.001**
Trunk fat mass (kg) 44+44 58+3.3 0.001**

*Significantly different between male and female, by t-test.

** Significantly different between male and female, by Mann-Whitney test.

A3 24 uay 251FuannanBanfiauAing Trunk fat aannnsldidusesiend
mOWLLﬂiiﬂlﬁiﬁ\ijﬁu%ﬁLﬂ?ﬁtﬁwﬁimﬂi‘f Simple regression WU TWWATNEAYT WC4 NNUNeAN
%trunk fat (R2 = 0.596, p<0.001) waz trunk fat mass (nn.) (R2 = 0.854, p<0.001) 151’3‘171'23@
mm:ﬁliumﬁmja A1 WC4 @ N1T0NUNEIAN %trunk fat (R® = 0.732, p<0.001) wazWC3

A1N1TDNNUNLAN trunk fat mass (nN.) 8RNI (R® = 0.865, p<0.001)
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AN5197 24 Regression equation to predict percentage trunk fat* using waist circumference

measured at different sites

Measurement site WC coefficient Constant R P-value

Male (n=238)

WC1 0.021 -0.250 0.581 0.001
WC2 0.023 -0.315 0.534 0.001
WC3 0.021 -0.270 0.526 0.001
WC4 0.021 -0.243 0.596 0.001
Female (n=271)

WCH1 0.016 0.314 0.720 0.001
WC2 0.018 0.273 0.699 0.001
WC3 0.015 0.321 0.723 0.001
WC4 0.016 0.331 0.732 0.001

WC1= at midway between the lowest rib and the iliac crest, WC2 = at the narrowest waist,
WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level.

*Values as log transformed
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EI'\‘JN‘T?; 25 Regression equation to predict trunk fat mass* (kg) using waist

circumference measured at different sites

Measurement site WC coefficient Constant R P-value

Male (n=238)

WCH1 0.032 1.292 0.838 0.001
WC2 0.035 1.133 0.812 0.001
WC3 0.032 1.174 0.820 0.001
WC4 0.031 1.310 0.854 0.001
Female (n=271)

WC1 0.029 1.761 0.827 0.001
WC2 0.031 1.692 0.799 0.001
WC3 0.027 1.733 0.865 0.001
WC4 0.027 1.799 0.832 0.001

WC1= at midway between the lowest rib and the iliac crest, WC2 = at the narrowest waist,

WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level.

*Values as log transformed

A139N 26 - 27 lauananailFaudieuAndusauienildniungsn total body fat lu

WATIEINLIANAY WC4 11118l % total body fat wae total body fat mass (nn.) IaafAn R*=

0.506 Wa20.826 p<0.001 MINAIAL MUNANNWLANAT WC4 91Ul % total body fat 1A

714m (R = 0.864, p<0.001) Tunnuzi WC3 ansnsnldidusnuilsvinunesn total body fat mass

#angm (R = 0.876, p<0.001)
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ms’mﬁ 26 Regression equation to predict percentage total body fat* using waist

circumference measured at different sites

Measurement site WC coefficient Constant R P-value

Male (n=238)

WC1 0.016 0.095 0.493 0.001
WC2 0.018 0.059 0.442 0.001
WC3 0.016 0.093 0.436 0.001
WC4 0.016 0.100 0.506 0.001
Female (n=271)

WC1 0.013 0.555 0.727 0.001
WC2 0.014 0.525 0.701 0.001
WC3 0.012 0.551 0.746 0.001
WC4 0.013 0.564 0.864 0.001

WC1= at mid between the lowest rib and the iliac crest, WC2 = at the narrowest waist,

WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level.

* Values as log transformed
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ms’mﬁ 27 Regression equation to predict total body fat mass* (kg) using waist

circumference measured at different sites

Measurement site WC coefficient Constant R P-value

Male (n=238)

WCH1 0.026 2.065 0.810 0.001
WC2 0.029 1.943 0.775 0.001
WC3 0.027 1.972 0.787 0.001
WC4 0.026 2.079 0.826 0.001
Female (n=271)

WC1 0.024 2.427 0.828 0.001
WC2 0.026 2.372 0.797 0.001
WC3 0.023 2.394 0.876 0.001
WC4 0.023 2.455 0.839 0.001

WC1= at midway between the lowest rib and the iliac crest, WC2 = at the narrowest waist,
WC3 = at immediately above the iliac crest, WC4 = at the umbilicus level.

*Values as log transformed

A1s19 28 a1nnnsmanzilneld Receiver Operating Characteristic Curve (ROC
a4 . o 4

curve)  amAtszanaendusetianiaiadnazannsn MiluAssyAnAesianiag
Tnrumaiuludnuasdadu lwmatienudileaninuaai Thai WHZ score Aisnnnan +1.5
sD lunouat azldrndusauiacn 73.5 4. uandn a9 o qaddazliAipnuloniesas
96.8 UAZANANNIENFaEA 85.7 dauluwAnils Wan vumaAl Thai WHZ fxnnnan +1.5
SD fhwnoued agldrdusauiean 72.3 a.u. Tnaaedntlipiaanloniesas 96.1 uas
ANNANNIENFREAY 80.5 ANNITIlATzinFANHeldinoe Cole's BMI wudnazléian
AAAAEUILLOINNNAIL TUUWAT LA N A Tnadannlouwazamnuamnzanas
I3 L% 4 k74 o ! dl Y 4
Wdntles widnnldinousiladudieanienuanndnferar 25 Tumne uaziinndifesas 30 u
wegadlunnet azldAndusetiannanas winolinesdall wqalidsaannnndnfaaay 90
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az 25 Tumne waznanndnFesay 30 Tunde arliA1Anngnaedn1elnTuInIsfivaeasn
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$ae1a34.5-39.9 luanzNilald Thai WHZ score 4i3a Cole’s BMI Lilinauailunisniviue

qasndusetien  azldrianngnaesniaringuinisiuanaavae  feeaz18.8-26.5 uay

18.8-27.3 MNATAL

m1519% 28 Prediction of waist circumference values using different criteria for

screening of the overweight and obese children and adolescents.

AUC? Cut-off ° | Sensitivity® | Specificity’ | PPV® | NPV' %
(95% CI) wC (%) (%) (%) (%) Prevalence
(cm)
Male
Thai WHZ 0.971 73.5 96.8 85.7 70.9 98.6 26.5
(>+1.5SD) (0.953-0.989)
Cole’s BMI 0.963 75.2 93.8 88.4 75.3 97.4 27.3
(BMI > 25 kg/m2 ) (0.943-0.984)
%Total body fat
( Williams,1992; 0.920 71.4 90.2 80.8 66.2 84.6 34.5
> 25% for male, (0.887-0.953)
>30% for female)
Female
Thai WHZ 0.969 72.3 96.1 80.5 53.2 80.4 18.8
(>+1.58D) (0.944-0.993)
Cole’s BMI 0..954 73.8 94.1 85.0 59.2 98.4 18.8
(BMI > 25 kg/m2 ) (0.926-0.983)
% Total body fat
( Williams,1992; 0.956 70.6 91.7 89.6 34.2 35.0 39.9

> 25% for male,

>30% for female)

(0.934-0.978)

® AUC: Area under the curve indicate the probability that a person with adverse health consequences has a

higher value of the WC measurement than person without adverse health consequences; 95% confidence

intervals were given within parentheses.

® Cut-off producing equal values of sensitivity and specificity. © Sensitivity=true positive rate d Specificity= 1-

false positive rate

° Positive predictive value (PPV) = Posttest likelihood of positive results ! Negative predictive value = Posttest

likelihood of negative results.
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LLNuQﬁ‘ﬁ 2. Development of Equations for %BF predicted from BMI

Development of Equations for « BF predicted from BMI

H ; Computed for prevaence Computed for prevaence
SChBFI_. ch".d"_!" f“"_“ of nutritional status of % Body fat
4 regions + Bangkok

Station 1 Station 2 Station 3

General data & Weight/Height %BF from
Questionnaire & %BF from Tanita Omron
Total N=3898

Station 4
Station 5.1

Wi/Ht status ~ 50% Sampling by Wi/Ht status
<15Z:H15Z ;242 7 enteria for the SKF &

Circumference samples
Station 5.2 SKF& Circumference
measurcment

Female N=980 N =1967

Male N=087

P3L &
-1.5Zto-2 Z
{ non SKF/Cir.
samples)

N =1931

wio SKF{Circumference Data

pred 29 WARNDNNNINgEAEFNTadAN TuLsaTNATARLENAMNNND WAL INA
LLmLmﬂmmﬂ@jumqmmLﬁﬂ‘;ﬁum p9aT 30 LAAITNNINgzanEFavesdayanNagFnge)
LAZANINT 31 LAAIENAIULANTITA SKF uaz BIA

P97 32 wandnyanaadmsriavaasnausae S daugs BMI Thai_WHZ
score s l@ERmIsLTIL triceps subscapular calf LazIdUTa LRI UdZAe (W4)
LANANNLEINIMAN % BF_Omron, % BF_Tanita ag % BF_ Eq3 fimuANngansAnEn
2 aedlsfiiiiesannissa Omron uay Tanita Lﬂumﬁmmnmmmﬁm‘smwajq%wum‘ﬁliﬁ
@Wﬂﬂﬂﬁ‘LﬁU‘ﬁ@Nﬂ@ﬂL@ﬂ’izmﬁ amnstlszidiulaiulae anduiugaesnisgiuanain
Omron auiy DEXA Tunguananasimsanevda Tun1g Validate %Hmméﬁwﬁ' 2 AN
Usniuanlaiugeseraaarmevdaialszmaaindn Omron ﬁgﬂﬂ‘fmtﬁq Tienuaiiow
Fun2811A1aIn DEXA dauandlumnanadi 32 (% BF_Omron transformed DEXA) Fanns
Fruansiilalu 2 nax Aa N193n % BF_ Eq3 7l validate w9 uazaIN % BF annnge

Omron NUFuRe LAY DEXA
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A15197 29 Number of total subjects from inside and outside municipal area

(n=3,898)
male female
Municipal area Municipal area
in out in out
Zone Province n Percent n Percent n Percent n Percent
North  Tak 87 49.7 90 50.0 88 50.3 90 50.0
Phayao 89 51.1 98 51.0 85 48.9 94 49.0
South  Surattanee 95 51.1 93 50.8 91 48.9 90 49.2
Songkhla 82 46.6 89 49.4 94 53.4 91 50.6
North
east  Khonkaen 79 46.7 96 49.2 90 53.3 99 50.8
Ubon 91 49.7 90 50.0 92 50.3 90 50.0
Central Suphanburi 91 50.6 90 49.5 89 49.4 92 50.5
Chachoengsao 87 48.6 90 50.0 92 51.4 90 50.0
BMA 1256 494 113 481 128 506 122 519
132 494 120 482 135 506 129 518
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mﬁ‘wﬁ 30 Number of subjects stratified by age and sex

male female
Zone yr n Percent n Percent
North <10 3 100.0
10 21 42.9 28 571
11 22 46.8 25 53.2
12 27 55.1 22 44.9
13 26 48.1 28 51.9
14 21 51.2 20 48.8
15 24 51.1 23 48.9
16 25 54.3 21 45.7
17 18 47.4 20 52.6
18 26 54.2 22 45.8
South <10 1 100.0
10 17 53.1 15 46.9
11 20 48.8 21 51.2
12 14 452 17 54.8
13 14 48.3 15 51.7
14 18 56.3 14 43.8
15 15 46.9 17 53.1
16 17 54.8 14 45.2
17 15 441 19 55.9
18 15 55.6 12 44.4
North east <10 1 33.3 2 66.7
10 23 53.5 20 46.5
11 21 48.8 22 51.2
12 21 51.2 20 48.8
13 17 40.5 25 59.5
14 21 60.0 14 40.0
15 21 47.7 23 52.3
16 16 44 .4 20 55.6
17 23 57.5 17 425
18 18 50.0 18 50.0
Central <10 8 421 11 57.9
10 35 53.0 31 47.0
11 29 48.3 31 51.7
12 29 42.0 40 58.0
13 37 56.1 29 43.9
14 28 50.0 28 50.0
15 28 46.7 32 53.3
16 36 50.0 36 50.0
17 27 48.2 29 51.8
18 19 63.3 11 36.7
> 18 1 100.0
BMA <10 1 100.0
10 17 41.5 24 58.5
11 18 48.6 19 51.4
12 23 54.8 19 452
13 22 51.2 21 48.8
14 15 46.9 17 53.1
15 22 62.9 13 371
16 16 44 .4 20 55.6
17 18 56.3 14 43.8
18 19 50.0 19 50.0
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IEI'I%‘N‘ﬁ 31 Number of subjects with SKF and BIA information (n=1,967)

male female
Municipal area Municipal area
in out in out
Zone Province n Percent n Percent n Percent n Percent
North  Tak 46 517 45 500 43 483 45 500
Phayao 60 492 62 512 62 508 59 4838
South  Surattanee 46 511 45 495 44 489 46 505
Songkhla 25 472 29 518 28 528 27 482
North
east  Khonkaen 43 48,9 47 505 45 511 46 495
Ubon 47 511 45 500 45 489 45 500
Central Suphanburi 77 494 45 50.6 79 50.6 44 49.4
Chachoengsao 74 477 80 516 81 52.3 75 484
BMA 45 51.1 40 49.4 43 489 41 50.6

43 524 43 500 39 476 43 50.0
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mﬁ‘Nﬁ 32 Descriptive characteristics of subjects aged 10-18 yrs

male female
N Mean S.D. Median Minimum Maximum N Mean S.D. Median Minimum  Maximum
Weight (kg) 987 47.40 12.75 48.10 19.30 87.00 980 44.70 10.17 44.85 19.00 72.00
Height (cm) 987 156.65 13.84 160.20 123.90 184.00 980 151.74 8.83 153.60 115.50 170.00
BMI (kg/cmz) 987 18.98 3.20 18.57 12.45 29.38 980 19.24 3.38 18.78 12.45 31.20
Thai WHZ score 985 0.13 1.41 0.04 -2.78 4.90 980 0.14 1.32 0.11 -2.69 4.45
%BF_EQ.3 987 17.51 11.08 13.24 5.23 69.00 980 28.80 8.73 27.75 11.36 56.12
%BF_ Tanita 986 13.49 7.31 11.60 5.00 38.50 980 23.43 7.21 23.15 7.30 45.70
%BF_Omron 975 18.74 6.37 17.70 5.20 37.00 966 22.87 6.58 23.00 5.00 39.20
Transformed from
975 16.90 8.80 15.47 -1.81 42.14 966 27.29 7.00 27.43 8.27 44.66
DEXA (n=506)

triceps 987 9.76 5.05 7.95 3.30 30.30 980 14.34 5.10 13.65 3.65 32.05
subscapula 725 8.77 4.49 7.25 3.20 28.20 713 12.62 6.72 10.50 4.10 37.25
calf 987 8.47 4.41 6.95 3.00 27.75 980 13.84 5.48 12.78 3.90 34.70
mid arm 987 23.55 3.60 23.85 15.30 33.60 980 23.07 3.39 23.00 15.00 32.80
calf 987 32.89 4.02 33.10 22.00 44.50 980 32.12 3.61 32.20 22.70 43.40
WC4:measured through

987 68.90 8.87 68.00 48.55 96.00 980 67.62 8.31 66.90 48.35 94.00
umbilicus
hip 982 82.48 9.17 83.65 58.25 108.50 980 84.63 8.97 85.55 56.60 110.70
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Comparison of % Body Fat from various equations of 10-18 yr in 241 Male subjects
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Comparison of % Body Fat from various equations of 10-18 yr in 268 female subjects
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El'l‘i’lxi‘ﬁ 33 Statistics value of percent body fat from various Equations and body fat

assessment tools in the Thai adolescent who have BMI above 23

Male (N=108) Female (N=136)
Mean SD Median | Min Max Mean SD Median | Min Max
BMI 24.3 1.1 241 23.0 29.4 24.5 1.2 24.3 23.0 31.2
% Body Fat
Eq_skf 50_3 age-gr 29.2 9.1 32.4 6.3 41.7
Eq_skf 50_all age-gr 39.8 3.7 39.7 26.3 50.7
Eq_skf 50_4C 215 5.1 23.3 8.7 28.6 275 21 274 19.9 33.6
SLA_TC 22.7 6.8 23.3 8.2 36.1 30.8 4.9 30.9 17.3 41.5
SLA_TS_W 25.7 7.5 26.2 104 | 428 329 5.1 326 19.0 | 45.6
SLA_TS_B 24.7 8.0 24.4 9.1 42.8
Omron 255 5.1 25.0 15.7 34.6 315 2.1 31.6 23.3 39.2
Tanita 24.5 5.8 24.3 14.1 38.5 33.9 2.7 33.7 276 | 457

[ 1

et % BF anannane] umane lUmasndniugiusn BMI lungusiatninig
dnsnavatlszing ldann1sann Simple Regression luusazngrens 10 - 128, 13— 14 ¥ uag
15 — 18 T Lﬂu%umu‘ﬁl IV lu Conceptual Framework ﬁ\imﬁ"k‘i‘ﬁl 34 Uaz 35 WATHHANNT
Nnaaau Correlation WAz Bland & Altman analysis 9849 equation ﬁﬁwuﬂ%uﬁtmﬂm?ﬁﬂ Cross
validation fudfasa %Body fat annannslungusatneduiindaya %Body fat ufidazld
Hoyaga [iWaILNgRIY %BF (380 AL) saNfUATd cross validate gRsviiune %BF
(129 Aw) 1w 509 A kAN sAgeUFLAnslUANGI 36, 37 way 1R 54-57 Az 58-61 i
Wudﬁﬂgiuﬁwﬁﬂ@m‘?ﬂﬁ enagaunisiingn %Body fat fRnunEaINAn BMI sugunns eo-
skf50 1N adjust AaEdNN1T DEXA-4C ANt 45 Taainsa (eq_skf50 BMI_DEXA_4C) WU
1ANA289NMAZEL  cross validation WAy validation lusnafuann  equation @9
eq_skf50_4CBMI (mmﬁ' 38 LAy gﬂ‘ﬁ 62-65)

et %BF #i¥aunganAn BMI EAuaNANs eq_skf50_BMI il cross validated iy
%Body fat A1n1A384 DEXA Fauanslun1aneii 39 LL@Zgﬂﬁl 66-67 WaZA %BF MiuEan
eq_skf50_4CBMI Uaz eq sk50 BMI_DEXA 4C fUAN %Body fat annLAsad DEXA gn

adjusted AaeaNN1T DEXA_4C Aauanalum1snei 40 uaz 317 68-71
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A13799 34 Developed percent body fat (%BF) equations from BMI measurement

model %BF from BMI R SEE
male
%BF Eq3
10-12yr -38.276+3.412*BMI 0.801 6.007
13-14 yr -30.907+2.569*BMI 0.707  5.117
15-18 yr -20.596+1.677*BMI 0.515 4.408
%BF Eq_skf50 (3 age - group)
10-12yr -26.348+2.710*BMI 0.904 4.529
13-14yr -31.856+2.635*BMI 0.847 5.113
15-18yr -28.142+2.043*BMI 0.740 5.036
%BF Eq_skf50_4C
10-12yr -9.625+1.520*BMI 0.817 2.541
13-14yr -12.715+1.478*BMI 0.717 2.868
15-18yr -10.632+1.146*BMI 0.547 2.825
%BF SLATC
10-12yr -18.279+1.908*BMI 0.827 3.134
13-14yr -17.879+1.689*BMI 0.723  3.243
15-18yr -11.481+1.166*BMI 0.506 3.162
%BF SLATS_W
10-12yr -23.818+2.344*BMI 0.856 3.458
13-14yr -22.254+1.972*BMI 0.751 3.528
15-18 yr -20.090+1.612*BMI 0.621 3.462
%BF SLATS_B
10-12yr -5.410+1.189*BMI 0.853 3.645
13-14yr -6.829+1.104*BMI 0.741  3.693
15-18yr -4.349+0.816*BMI 0.617 3.536

compared to percent body fat from various %BF equations in Male
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A15s19N 35 Developed percent body fat (%BF) equations from BMI measurement

compared to percent body fat from various %BF equations in Female

model %BF from BMI R SEE
female
%BF Eq3
10-12yr -16.261+2.934*BMI 0.859 3.900
13-14yr -14.573+2.262*BMI 0.802 3.985
15-18yr -9.528+1.984*BMI 0.669 4.251
%BF Eq_skf50 (All age - group)
-14.205+2.222*BMI 0.888 2.668
%BF Eq_skf50_4C(All age - group)
-2.813+1.246*BMI 0.888 1.497
%BF SLATC
10-12yr -9.994+1.700*BMI 0.809 3177
13-14yr -8.455+1.605*BMI 0.763 3.161
15-18yr -6.689+1.484*BMI 0.599 3.486
%BF SLATS
10-12yr -15.920+2.017*BMI 0.825 3.567
13-14yr -14.224+1.938*BMI 0.787 3.565
15-18yr -10.700+1.749*BMI 0.674 3.493
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m1379% 36 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of
agreement) of difference equations Eq_skf50BMI to predict body fat compared to
BF_SKF50 for validated with survey (n=1438) cross validated with Develop (n=509)

validation cross validation
r mean Limit of r mean limit of
difference  agreement difference  agreement
male
gr. 10-12 0.904 0.95 -8.16 - 10.05 0.937 2.20 -5.87 -10.27
gr. 13-14 0.847 1.14 -8.35-10.64 0.867 0.39 -9.25-10.04
gr. 15-18 0.740 0.71 -8.71-10.13 0.774 -0.42 -9.20-8.36
female
gr. 10-12 0.960 -0.35 547 -4.76 0.968 0.95 -3.73-5.62
gr. 13-14 0.952 -0.01 -5.27-5.24 0.925 0.72 -5.20-6.64
gr. 15-18 0.908 0.52 -5.08-6.12 0.925 1.22 -4.01-6.44

m13719% 37 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of
agreement) of difference equations Eq_skf50_4CBMI to predict body fat compared to

BF_SKF50_4C for validated with survey (n=1438) cross validated with Develop (n=509)

validation cross validation
r mean Limit of r mean limit of
difference  agreement difference  agreement
male
gr. 10-12 0.904 0.52 -4.58 -5.63 0.937 1.23 -3.30-5.75
gr. 13-14 0.847 0.64 -469-596  0.867 0.22 -5.19 - 5.63
gr. 15-18 0.740 0.40 -489-568  0.774 -0.24 -5.16 — 4.69
female
gr. 10-12 0.960 -0.21 -3.08 - 2.66 0.968 0.52 -2.10-3.14
gr. 13-14 0.952 -0.02 -2.97 -2.93 0.925 0.39 -2.93-3.71
gr. 15-18 0.908 0.28 -2.86 -3.42 0.925 0.67 -2.26 — 3.60
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m19199 38 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of

agreement) of difference equations Eq_skf50BMI_Dexa4C to predict body fat compared to

BF_SKF50_4C for validated with survey (n=1438) cross validated with Develop (n=509)

validation cross validation
r mean Limit of r mean limit of
difference  agreement difference  agreement
male
gr. 10-12 0.904 0.53 -458-564 0937 1.23 -3.29-5.76
gr. 13-14 0.847 0.64 -469-597  0.867 0.22 -5.19 - 5.63
gr. 15-18 0.740 0.40 -489-568  0.774 -0.23 -5.16 — 4.69
female
gr. 10-12 0.960 -0.20 -3.07 - 2.67 0.968 0.53 -2.09-3.15
gr. 13-14 0.952 -0.01 -2.96 - 2.94 0.925 0.40 -2.92-3.72
gr. 15-18 0.908 0.29 -2.856-3.43 0.925 0.68 -2.25 - 3.61
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mN9199 39 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of

agreement) of difference equations Eq_skf50BMI to predict body fat compared to

BF_DEXA for cross validated with Develop (n=509)

Eqg_skf50BMI
r mean Limit of
difference  agreement
male
gr. 10-12 0.925 1.93 -7.01-10.87
gr. 13-14 0.863 0.48 -9.61-10.57
gr. 15-18 0.783 -0.35 -8.56 - 7.86
female
gr. 10-12 0.932 1.14 -5.61-7.89
gr. 13-14 0.875 0.61 -7.21-8.44
gr. 15-18 0.860 0.92 -5.87-7.72
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mN919% 40 Correlation coefficient (r) and Bland & Altman analysis (mean difference, limit of
agreement) of difference equations Eq_skf50_4CBMI and Eq_skf50BMI_Dexa4C to predict

body fat compared to BF_DEXA_4C for cross validated with Develop (n=509)

Eqg_skf50_4CBMI Eq_skf50BMI_Dexa4C
r mean Limit of r mean limit of
difference  agreement difference  agreement
male
gr. 10-12 0.925 1.08 -3.94-6.09  0.922 -0.09 -2.65-2.47
gr. 13-14 0.863 0.27 -5.39-5.39  0.863 0.05 -2.33-2.43
gr. 15-18 0.783 -0.20 -4.80 — 4.41 0.773 -0.03 -2.14-2.08
female
gr. 10-12 0.932 0.63 -3.15-4.42 0.935 0.08 -2.79-2.96
gr. 13-14 0.875 0.33 -4.05-4.72 0.880 -0.05 -2.82-2.71
gr. 15-18 0.860 0.51 -3.30-4.32 0.845 -0.09 -2.72-2.54
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15137 41 A1 BMI U049 Overweight 111 Obesity cut-off Y93 BMI References GIING] YOUAN

w10 1ne 01g 10-18 1)

Lohman IOTF cbe WHO 2007 THAI 1997
AGE(Yr)  Lower Uper Cole’s~25 Cole's~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD
10 15.30 21.00 19.80 24.00 19.30 23.70 21.40 26.07 16.20 21.60 21.90 24.80
11 15.80 21.00 20.60 25.10 20.20 24.80 22.45 28.03 16.60 22.20 22.50 25.50
12 16.00 22.00 21.20 26.00 21.00 26.00 23.58 29.96 17.00 22.60 22.90 25.90
13 16.60 23.00 21.90 26.80 21.80 27.00 24.76 31.69 17.60 22.80 23.20 26.00
14 17.50 24.50 22.60 27.60 22.60 27.80 25.92 33.08 18.20 23.00 23.30 25.80
15 18.10 25.00 23.30 28.30 23.40 28.60 26.97 34.08 18.70  23.00 23.30 25.60
16 18.50 26.50 23.90 28.90 24.20 29.30 27.88 34.75 19.20 23.10 23.40 25.50
17 18.80 27.00 24.50 29.40 24.90 29.90 28.30 35.19 19.70  23.20 23.40 25.30
18 19.00 27.80 25.00 30.00 25.70 30.60 29.24 35.43 20.10 23.30 23.50 25.20
A15131 42 A1 BMI U84 Overweight 1182 Obesity cut-off Y89 BMI References #1145 Y0UAN
najeIne 919 10-18 1/
Lohman IOTF cDC WHO 2007 THAI 1997
AGE(Yr)  Lower Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD  +3SD
10 16.60 23.50 19.90 24.10 20.00 24.50 22.57 28.38 16.10 22.20 22.60 25.80
11 16.90 24.00 20.70 25.40 20.80 25.80 23.73 30.19 16.70 22.90 23.30 26.50
12 16.90 24.50 21.70 26.70 21.70 27.10 24.97 31.91 17.40 23.40 23.70 26.90
13 17.50 24.50 22.60 27.80 22.50 28.20 26.21 33.44 18.10 23.70 24.00 27.00
14 17.50 25.00 23.30 28.60 23.30 29.30 27.32 34.66 18.70 23.80 24.10 26.90
15 17.50 25.00 23.90 29.10 24.00 30.30 28.22 35.54 19.20 23.90 24.20 26.70
16 17.50 25.00 24.40 29.40 24.70 31.30 28.87 36.07 19.50 23.90 24.10 26.50
17 17.50 26.00 24.70 29.70 25.20 32.20 29.28 36.28 19.60 23.80 24.10 26.40
18 18.00 27.30 25.00 30.00 25.70 33.00 29.52 36.28 19.70 23.80 24.10 26.30
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AN9199 43 Uana %Body fat VBUNATIBANIUEAINANNNT simple correlation 9£%9149AN

BMI il %BF Eq3 284 BMI reference #1497 7l cut-off 32ALIA1N

Lohman IOTF cDC WHO 2007 THAI 1997
AGE(Yr)  Lower  Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD +3SD
10 139 334 29.3 43.6 276 426 347 507 170 354 364 46.3
11 156 334 32.0 47.4 306 463 383 574 184 375 385 48.7
12 163 368 34.1 50.4 334 504 422 639 197 388 399 50.1
13 117 282 25.4 37.9 251 385 327 505 143 277 287 35.9
14 14.1 32.0 272 40.0 272 405 357 541 158 282 290 354
15 9.8 213 18.5 26.9 186 274 246 366 108 180 185 223
16 104 238 19.5 27.9 200 285 262 377 116 18.1 18.6 222
17 109 247 205 28.7 212 295 269 384 124 183 186 218
18 113 260 213 29.7 225 307 284 388 131 185 188 217
gns  ngueny 10-12 1 %BF = -38.276+3.412°BMI
nguene 13-14 T %BF = -30.907+2.569*BMI
e 15-18 T %BF = -20.596+1.677*BMI
El’l‘i’N‘ﬁ 44 8RN %Body fat m@qmm’mﬁlﬁqmmmmm? simple correlation 2213714AN
BMI 11 %BF Eq_skf50 (3 age - group) 184 BMI reference 14T 7l cut-off ARG
Lohman IOTF cDC WHO 2007 THAI 1997
AGE(Yr)  Lower  Uper Cole’s~25 Cole’s~30 P85 P97  +2SD  +3SD P50 P97  +2SD +3SD
10 15.1 306 273 387 260 379 316 443 176 322 330 40.9
11 165 306 295 4.7 284 409 345 496 186 338 346 428
12 170 333 31.1 44.1 306 441 376 548 197 349 357 438
13 119 287 25.9 38.8 256 393 334 516 145 282 293 36.7
14 143 327 277 40.9 277 414 364 553 161 287 295 36.1
15 8.8 22.9 19.5 29.7 197 303 270 415 101 188 195 242
16 9.7 26.0 207 30.9 213 317 288 429 111 19.1 19.7 24.0
17 103 270 21.9 31.9 227 329 297 438 121 193 197 235
18 107 287 22.9 33.1 244 344 316 442 129 195 199 23.3

gns  naneny 10-12 T %BF = -26.348+2.710*BMI

ngueng 13-14 1 %BF = -31.856+2.635"BMI

ngueng 15-18 T %BF = -28.142+2.043*BMI
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AN9199 45 Uana %Body fat VBUNATIBANIUEAINANNNT simple correlation 9£%919AN

BMI il %BF Eq_skf50_4C 284 BMI reference 61147 1 cut-off szising

Lohman IOTF CbhC WHO 2007 THAI 1997

AGE(Yr) Lower Uper  Cole’'s~25 Cole’s~30 P85 P97 +2SD +3SD P50 P97 +28D +3SD
10 13.6 22.3 20.5 26.9 19.7 26.4 229 30.0 156.0 232 23.7 28.1
11 14.4 22.3 21.7 28.5 211 28.1 245 33.0 156 241 24.6 291
12 14.7 23.8 22.6 29.9 22.3 29.9 26.2 35.9 16.2 247 25.2 29.7
13 11.8 21.3 19.7 26.9 19.5 27.2 239 34.1 133 210 21.6 25.7
14 13.2 235 20.7 281 20.7 28.4 256 36.2 142 213 21.7 254
15 10.1 18.0 16.1 21.8 16.2 221 20.3 28.4 10.8 157 16.1 18.7
16 10.6 19.7 16.8 22.5 17.1 22.9 21.3 29.2 1.4 158 16.2 18.6
17 10.9 20.3 17.4 231 17.9 23.6 21.8 29.7 1.9  16.0 16.2 18.4
18 1.1 21.2 18.0 23.7 18.8 24.4 229 30.0 124 161 16.3 18.2

gns  ngneng 10-12 I %BF = -9.625+1.520*BMI
ngNany 13-14 U %BF = -12.715+1.478*BMI

ngnany 15-18 T %BF = -10.632+1.146*BMI

AN9199 46 LAY %Body fat 1RUNATIBANIUIEAINANNNT simple correlation FEUIN9AN

BMI il %BF SLA TC 224 BMI reference #in4°]  cut-off sfLisina]

Lohman IOTF CDC WHO 2007 THAI 1997

AGE(Yr) Lower Uper Cole’s~25 Cole’'s~30 P85 P97 +2SD +3SD P50 P97 +2SD +3SD
10 10.9 21.8 19.5 27.5 18.5 26.9 22.6 315 126 229 235 29.0
11 11.9 21.8 21.0 29.6 20.3 29.0 24.6 35.2 134 241 24.7 30.4
12 12.2 23.7 22.2 31.3 21.8 31.3 26.7 38.9 142 248 25.4 31.1
13 10.2 21.0 191 27.4 18.9 27.7 23.9 35.6 11.8 20.6 21.3 26.0
14 1.7 23.5 20.3 28.7 20.3 291 259 38.0 129  21.0 21.5 25.7
15 9.6 17.7 15.7 21.5 15.8 21.9 20.0 28.3 10.3 153 15.7 18.4
16 101 19.4 16.4 22.2 16.7 22.7 21.0 29.0 109 155 15.8 18.3
17 10.4 20.0 171 22.8 17.6 23.4 21.5 29.6 1.5 156 15.8 18.0
18 10.7 20.9 17.7 23.5 18.5 24.2 22.6 29.8 12.0 157 15.9 17.9

gns  ngneny 10-12 T %BF = -18.279+1.908*BMI
naNany 13-14 U %BF = -17.879+1.689*BMI
naNeny 15-18 T %BF = -11.481+1.166*BMI
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AN9199N 47 Uana %Body fat VBUNATIBANIUEAINANNNT simple correlation 9£%9149AN

BMI il %BF SLA TS_W 224 BMI reference 51147 71 cut-off szusing

Lohman WHO 2007 THAI 1997
AGE(Yr)  Lower Uper Cole's~25 Cole's~30 P85 P97  +2SD  +3SD P50 P97  +25D +3SD
10 120 254 226 324 214 317 263 373 142 268 275 34.3
11 132 254 245 350 235 343 288 419 151 282 289 36.0
12 137 278 259 37.1 254 371 315 464 160 292 299 36.9
13 105 23.1 20.9 306 207 310 266 402 125 227 235 29.0
14 123 26.1 22.3 322 223 326 289 430 136 231 237 28.6
15 91 202 175 255 176 260 234 348 101 170 175 21.2
16 97 226 184 26.5 189 271 249 359 109 171 176 21.0
17 102 234 194 273 200 281 255 366 117 173 176 20.7
18 105 247 202 283 213 202 270 370 123 175 178 205
gms  ngwueny 10-12 I %BF = -23.818+2.344*BM|
nawnens 13-14 I %BF = -22.254+1.972"BMI
nauens 15-18 I %BF = -20.090+1.612"BMI
P5197 48 WANS %Bodly fat TRINATIETINUNLAINANNIT simple correlation 7L#19AN
BMI fill %BF SLA TS_B 283 BMI reference AN 7 cut-off FEAUAN
Lohman WHO 2007 THAI 1997
AGE(Yr)  Lower Uper Cole's~25 Cole's~30 P85 P97  +2SD  +3SD P50 P97  +25D  +3SD
10 105 244 215 318 203 310 254 368 127 259 266 33.7
11 117 244 235 345 225 337 280 416 137 274 281 35.5
12 122 269 249 367 244 367 308 464 147 284 201 36.4
13 87 215 193 20.2 194 206 251 390 107 211 219 276
14 105 246 207 308 207 312 274 418 119 215 221 272
15 78 190 163 24.4 164 249 223 339 88 158 163 200
16 84 215 172 25.4 177 261 237 350 96 159 164 19.9
17 89 223 182 26.2 189 27.0 244 357 104 161 164 19.5
18 92 236  19.0 272 202 282 260 361 110 163 166 19.4

gns

ngnang 10-12 T %BF = -5.410+1.189*BMI
ngNany 13-14 U %BF = -6.829+1.104*BMI
nanany 15-18 T %BF = -4.349+0.816*BMI
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A19199 49 Uana %Body fat ﬂ@ﬂLWﬂwﬂgﬂﬁﬁ’]u’mW}ﬂ@Nmaﬁ simple correlation $£#1919AN

BMI il %BF Eq3 284 BMI reference #1977l cut-off 32ALIA1N

Lohman IOTF CDC WHO 2007 THAI 1997

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97 +2SD +3SD P50 P97 +2SD +3SD
10 23.5 40.0 31.4 414 31.6 42.4 37.8 51.7 223 369 37.8 45.5
11 24.2 41.2 33.3 44.5 33.5 45.5 40.5 56.0 23.7 386 39.5 47.2
12 24.2 42.4 35.7 a7.7 35.7 48.6 43.5 60.1 254 3938 40.5 48.1
13 25.0 40.8 36.5 48.3 36.3 49.2 447 61.1 264 390 39.7 46.5
14 25.0 42.0 38.1 50.1 38.1 51.7 47.2 63.8 277 393 39.9 46.3
15 252 40.1 37.9 48.2 38.1 50.6 46.5 61.0 286 37.9 385 43.4
16 25.2 40.1 38.9 48.8 39.5 52.6 47.8 62.0 292 379 38.3 43.0
17 25.2 421 39.5 494 40.5 54.4 48.6 62.5 294 377 38.3 42.8
18 26.2 44.6 40.1 50.0 41.5 55.9 49.0 62.5 296 37.7 38.3 42.7

gns  naneng 10-12 T %BF = -16.261+2.934*BMI
naNany 13-14 U %BF = -14.573+2.262*BMI

ngnang 15-18 1 %BF = -9.528+1.984*BMI

A1519% 50 LARS %Body fat TBUWANIITINNUIEAINANNNT simple correlation T¥1I9AN

BMI il %BF Eq_skf50 (all age group) 284 BMI reference 547 71 cut-off seALIsi 19|

Lohman IOTF CDC WHO 2007 THAI 1997

AGE(Yr) Lower Uper  Cole’'s~25 Cole’s~30 P85 Po7 +28D +3SD P50 Pa7 +28D +3SD
10 22.7 38.0 30.0 39.3 30.2 40.2 35.9 48.9 216 351 36.0 431
11 23.3 39.1 31.8 42.2 32.0 43.1 38.5 52.9 229 36.7 37.6 44.7
12 23.3 40.2 34.0 45.1 34.0 46.0 41.3 56.7 245 378 38.5 45.6
13 24.7 40.2 36.0 47.6 35.8 48.5 44.0 60.1 26.0 385 39.1 45.8
14 24.7 41.3 37.6 49.3 37.6 50.9 46.5 62.8 273 387 39.3 45.6
15 24.7 41.3 38.9 50.5 39.1 53.1 48.5 64.8 285 389 39.6 451
16 24.7 41.3 40.0 51.1 40.7 55.3 49.9 65.9 291 389 39.3 447
17 24.7 43.6 40.7 51.8 41.8 57.3 50.9 66.4 203 387 39.3 44.5
18 25.8 46.5 41.3 52.5 42.9 59.1 51.4 66.4 296 387 39.3 44.2

ART %BF = -14.205+2.222"BMI

121



AN9199 51 UAAS %Body fat ﬂ@ﬂLWﬂwﬂgﬂﬁﬁ’]u’mmﬂ@Nmaﬁ simple correlation $£#1919AN

BMI i1l %BF Eq_skf50_4C 284 BMI reference 6147 1 cut-off svsing

Lohman WHO 2007 THAI 1997
AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97 +2SD +3SD P50 P97 +2SD +3SD

10 17.9 26.5 22.0 27.2 22.1 27.7 25.3 32.5 172 248 25.3 29.3
11 18.2 27.1 23.0 28.8 23.1 29.3 26.8 348 180 257 26.2 30.2
12 18.2 27.7 24.2 30.5 24.2 31.0 28.3 369 189 263 26.7 30.7
13 19.0 27.7 25.3 31.8 25.2 32.3 29.8 389 197 267 27.1 30.8
14 19.0 28.3 26.2 32.8 26.2 33.7 31.2 404 205 268 27.2 30.7
15 19.0 28.3 27.0 334 27.1 34.9 32.3 415 211 270 27.3 30.5
16 19.0 28.3 27.6 33.8 28.0 36.2 33.2 421 215 270 27.2 30.2
17 19.0 29.6 28.0 34.2 28.6 37.3 33.7 424 216 268 27.2 30.1
18 19.6 31.2 28.3 34.6 29.2 38.3 34.0 424 217 268 27.2 30.0

anT %BF = -2.813+1.246*BMI

El’l‘i’N‘ﬁ 52 LanN %Body fat mﬂﬂLWﬂmﬂ\iﬁﬁ’]uwmﬂ@Nmaﬁ simple correlation 2213NAN

BMI fill %BF SLA TC 284 BMI reference 514°] 7l cut-off TEAUAN

Lohman WHO 2007 THAI 1997
AGE(Yr) Lower Uper Cole’s~25 Cole's~30 P85 P97 +2SD +3SD P50 P97 +2SD +3SD

10 18.2 30.0 23.8 31.0 24.0 31.7 28.4 38.3 174 277 28.4 33.9
11 18.7 30.8 25.2 33.2 254 33.9 30.3 41.3 184 289 29.6 351
12 18.7 31.7 26.9 354 26.9 36.1 325 443 196 29.8 30.3 35.7
13 19.6 30.9 27.8 36.2 27.7 36.8 33.6 452 206 296 30.1 34.9
14 19.6 31.7 28.9 37.4 28.9 38.6 35.4 472 216 297 30.2 34.7
15 19.3 30.4 28.8 36.5 28.9 38.3 35.2 46.1 21.8 2838 29.2 32.9
16 19.3 30.4 29.5 36.9 30.0 39.8 36.2 46.8 222 2838 291 32.6
17 19.3 31.9 30.0 37.4 30.7 41.1 36.8 472 224 286 29.1 325
18 20.0 33.8 30.4 37.8 314 42.3 37.1 472 225 286 29.1 32.3

gns

ngueng 10-12 T %BF = -9.994+1.700"BMI
ngueng 13-14 T %BF = -8.455+1.605"BMI
ngueng 15-18 T %BF = -6.689+1.484*BMI
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a

A19199 53 UAR3 %Body fat YBUNANIINNUNLANNANNNT simple correlation $£#1919AN

o

BMI il %BF SLA TS 284 BMI reference 514°] 1 cut-off sALIf9°]

Lohman IOTF CDC WHO 2007 THAI 1997

AGE(Yr) Lower Uper Cole’s~25 Cole’s~30 P85 P97 +2SD +3SD P50 P97 +2SD +3SD
10 17.6 315 24.2 32.7 24 4 335 29.6 41.3 16.6 289 29.7 36.1
11 18.2 32.5 25.8 35.3 26.0 36.1 31.9 45.0 178 30.3 31.1 37.5
12 18.2 33.5 27.8 37.9 27.8 38.7 34.4 48.4 192 313 31.9 38.3
13 19.7 33.3 29.6 39.7 294 40.4 36.6 50.6 209 317 323 38.1
14 19.7 34.2 30.9 41.2 30.9 42.6 38.7 52.9 220 319 32.5 37.9
15 19.9 33.0 31.1 40.2 31.3 42.3 38.7 51.5 229 311 31.6 36.0
16 19.9 33.0 32.0 40.7 32.5 44.0 39.8 52.4 234 311 31.5 35.6
17 19.9 34.8 325 41.2 33.4 45.6 40.5 52.8 23.6 309 315 355
18 20.8 37.0 33.0 41.8 34.2 47.0 40.9 52.8 23.8 309 315 35.3

gns  naneny 10-12 T %BF = -15.920+2.017*BMI
naNany 13-14 U %BF = -14.224+1.938*BMI
ngNany 15-18 T %BF = -10.700+1.749*BMI

auen BMI cut off fdunnaglnaunnisiudu 2 526y wazu Bouieuszudng BMI
reference fN4°] ARILALR 1 navlnTunniaAy (IOTF'1'71I >BMI~25,CDC > 7 P85, WHO
2007 oz THAI1997 ﬁ >+2SD) LL@Z:?]I?WTU‘?{ 2 AN9ZE9U (IOTF ﬁ >BMI~30,CDC > ﬁ P97,
WHO 2007 uag THAI1997 71 >+3SD) LAZILALT 2 ﬁ\ummﬂugﬂﬁ 720973
anglsinge] Aananaaziudy BMI reference 289 WHO2007 lxunazmsnzas flasann
azfteusziu %BF fisefugaunnndn reference %‘Iuj unn ufusgLlf 75 uar 93 deanann

ANNNINRBUINIANAT %BF N8 adjust A1 DEXA M ln&iAssiLA1a1n 4C uda reference

1
g

189 WHO2007 Afeuansasiiouszin  %BF  NAeudrsganulldmiunisiiiszdaniag
TnaunnisAului 2 wa (A1 BMI cut-off ILEUT 2 Viae obesity level @=ia1 %BF = 30 Waz
42.4 g vFuianeny 18 U TUWATE LAZINAILN ANRAL)

Tuneme widn 3 References Awaede I0TF, CDC uavlng aziiAnlndiAeariu
Tutioeang 10 1 LL[ﬂ"ﬁI@’Wﬁlq 18 1 10TF uaz CDC aztlszanaunnsr %BF ffiu 20% (23.7 uaz
24.4 %BF a1n I0TF uay CDC mnudndw) aniedi Reference nelfintlszunns 18.2 %

ANUSU cut-off ILAUN 2 AT 16.3% A MFU cut-off 2361 1
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GluLWFiqu%@Iuﬁuﬁmmudﬁ IOTF waz CDC reference lwmnzazldlusining
Tnenlsvanninnaifiaumin Body fat 34.6 waz 38.3% &WSl cut-off s=@Ld 2 uazifien 30%
(28.3 WAY 29.2 % ANNATAL) BBNANATE 18 T FarinazdAvlidmiuniniihsydannag
1NN ?sz‘ﬁ'mmgmimmﬁﬂmﬁmﬂ@zmmm 27.2 Ua¥ 30% 495U cut-off FLALT

1 LAY 2 ANHAAL

3.5.3 @gUmsAnm
=3 dgl 1 = b dl A o/ o 6 1 dl Y 6 a
nsAnel doaidsndayanunneg AaaNANRUtIagAY BMI Alddunoueileidu
nazdau Auszdu % BF Ml ldainisoiiansniniaen BMI cutoff NaenAdesriu % BF 7
aula visasudngsvassaasusazauaudentiidunanassiu Wy 926U % BF Mifuwnousd
y ca Ay 4 s 4 . .
nagdaunazinuaifieunasld % BF  ARnduanesnisAneiiegainaudNiusaeg
o QII QII o g o a QII 1 o ¢=ll
ITAU %BF NUszrnninisanannsiimunIu aluanuuAnidINnsguATiinaanied
3 dgl Qd‘ dl 8 % 6 di o 73 1
WKIANme T RawEIeIAnseunialanuazesdnisainaan  uwuetlildanalimanzay
Aunnfiszdantnslnsunnisinulusnne lnenazmawsaluluin prepuberty uasdninnld
TAn post puberty 2UENNIMTgIL BMI for age MRRLINIAINNNTAIIIANIATFIUNIS

a

wstyuTndmiuiinine aensueunde w.A. 2538 avil cut-off NazTieuszAlU %BFIaNY 18
1 NaenndesindimeaiuszAy %Body fat cut-off ldiuaglugluaininnadn reference au|
PRNANT
dg/ & ¥ dl [ o ! dl dl 4 ! o a %
wananiessANginaiuiadasine  Aneadasszudnedautlsannnistssidiugag
a ~ o = a P = = X b o
wmARARNe arnmatiadugamniamaiinatneityg AldlunisAneitiazdanliannsnimun

o %

glj dl o | a
Foadnnin hlgnisldluszunisnisansnsuga
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%Body fat aavtWAAILNYINTUIEIINANATIF5EUI9 BMI fiu
%BF Eq_SKF50 uav BMI reference 6199 l Obesity cut-off level 71
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% Body Fat
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4.3 mManmrIgaNnssziiulaiuaInAl SKF

A A

ann19n g lunnslssiiulaiuimanzanuas WA iimanald anmisen 19 (Insfias

AneAusiangnaasAstansluniALuan v)

Developed percent body fat (%BF) equations from skinfold measurement

compared to percent body fat from DEXA by Sum3 SKF criteria

2

model %BF from DEXA R SEE
male
Sum3skf < 50 mm 3 age group
10-12yr  17.274 + [(0.776 x Sum3skf) - (0.127 x height in cm)] 0.928 2.343
13-14yr  13.398 + [(0.774 x Sum3skf) — (0.106 x height in cm)] 0.935 1.943
15-18yr  -19.207 + [(0.697 x Sum3skf) + (0.090 x height in cm)) 0.888 1.929
Sum3skf >50 mm All age group

47.121 + [(0.214 x Sum3skf) - (0.155 x height in cm)] 0.611 2.332
female
Sum3skf < 50 mm 3 age group
10-12yr  -8.616+[(0.477 x Sum3skf)+(1.650 x BMI)-(0.298 x weight in kg)] 0.865 2.279
13-14yr  0.073+[(0.358 x Sum3skf)+(0.712 x BMI)] 0.808  1.930
15-18yr  -3.422+[(0.439 x Sum3skf)+(0.759 x BMI)] 0.772  1.947
Suma3skf < 50 mm All age group

- 5.077 + [(0.435 x Sum3skf) + (1.169 x BMI) - (0.13 x weight in kg)]  0.837  2.409
Sum3skf >50 mm All age group

5.086 + [(0.311 x Sum3skf) + (0.596 x BMI)] 0.629 2.497

Sum3skf = Sum skin fold of triceps, suprailiac oblique and calf in mm.

HasanndadunnAIAIARALatNauILLLUR9A %BF A1nLeTad DEXA Tedunus

NNLINAL %BF a1n 4C 23A97HNNT adjust AN %BF aniATes DEXA Aagdnnis

% Body fat 4C = 5.156 + (0.561 * %BF DEXA)
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4.4 nM9Raninandintnguin1siiulag BMI for age anAnlszanun1s129%Body fat

nnLaan BMI for Age Reference Inaifiansaunann cut-off NRANARAAABITLITZAL

%Body fat Teunztinlildlunstszidiunringuiniafiuluinent 18 U aeusiazing 9na

1
nsAnBiaueuus liRansanandeyafldszunuinisiBeuiiau% Body fat 289 A1 BMI

cut-off 789 Reference A7) TWWATIEUATINANGTY AINANTIN 45 LAY 51 ATNAAL AN

=2 a’lIEAv = 3 ! a a o [ <1
NITANEIURHIFLNAITNENLIN BMI for Age mnmmgmmma@Lmuimmmumﬂ%ﬂ UBN

NINauNE NIzNINansITugy gatiaqiiis (w.a. 2538) Hponuwmnnzaniazldlunisiszds

Aglnsunianulsnline

BMI for Age reference for Thai Children and Adolescents by MOPH 1997

AGE(Yr) MALE FEMALE

Median | 1.55D | 25D | 3SD | Median | 1.58D | 25D | 3sSD
2 16.4 18.3 | 18.9 | 20.1 15.9 179 | 185 | 19.7
3 16.0 18.0 | 18.7 | 20.1 15.7 17.8 | 185 | 19.9
4 15.6 17.9 | 18.6 | 20.1 15.4 17.8 | 18.6 | 20.2
5 15.3 18.0 | 18.8 | 20.5 15.2 17.9 | 18.8 | 20.7
6 15.2 18.2 |19.1 | 21.0 15.1 18.3 | 19.3 | 21.4
7 15.3 185 | 19.6 | 21.8 15.1 18.7 | 19.9 | 22.4
8 15.5 19.1 | 20.3 | 22.8 15.3 19.5 | 20.8 | 23.5
9 15.8 19.8 | 21.1 | 23.8 15.6 20.2 | 21.7 | 24.7
10 16.2 205 (219 | 248 16.1 21.0 | 22.6 | 25.8
11 16.6 21.0 (22,5 | 25.5 16.7 21,7 | 23.3 | 26.5
12 17.0 21.4 | 229 | 25.9 17.4 22.1 | 23.7 | 26.9
13 17.6 21.8 | 23.2 | 26.0 18.1 22.5 | 24.0 | 27.0
14 18.2 22.1 | 23.3 | 25.8 18.7 22.7 | 24.1 | 26.9
15 18.7 22.2 | 23.3 | 25.6 19.2 23.0 | 24.2 | 26.7
16 19.2 22.4 | 23.4 | 25.5 19.5 229 | 24.1 | 26.5
17 19.7 22.5 | 23.4 | 25.3 19.6 23.0 | 24.1  26.4
18 20.1 22.7 | 23.5 | 25.2 19.7 23.0 | 24.1 | 26.3
19 20.4 22.8 | 23.6 | 25.2 19.8 23.1 | 24.1 | 26.2
20 20.7 23.1 | 23.8 | 25.3 19.8 23.1 | 24.1 | 26.2
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Body fat URILWADGIANVINUIBAINANNIS simple correlation §21#319A1 BMI NU %BF

Eq_skf50_4C a4 BMI reference £14 9 ‘17i cut-off STALIANY 9

Lohman IOTF CDC WHO 2007 THAI 1997
AGE(Yr) Lower Uper Cole’'s25 Cole’s30 P85 pPo7 +2SD  +3SD P50 pPo7 +2SD +3SD
10 13.6 22.3 20.5 26.9 19.7 26.4 22.9 30.0 15.0 232 23.7 28.1
11 14.4 22.3 21.7 28.5 211 28.1 24.5 33.0 156 241 24.6 29.1
12 14.7 23.8 22.6 29.9 22.3 29.9 26.2 35.9 16.2 247 25.2 29.7
13 11.8 21.3 19.7 26.9 19.5 27.2 23.9 34.1 13.3 21.0 21.6 25.7
14 13.2 23.5 20.7 281 20.7 28.4 25.6 36.2 142 213 21.7 25.4
15 10.1 18.0 16.1 21.8 16.2 221 20.3 28.4 10.8 157 16.1 18.7
16 10.6 19.7 16.8 22.5 17.1 22.9 21.3 29.2 114 158 16.2 18.6
17 10.9 20.3 17.4 23.1 17.9 23.6 21.8 29.7 119 16.0 16.2 18.4
18 1.1 21.2 18.0 23.7 18.8 24.4 22.9 30.0 124 16.1 16.3 18.2
gns  Ngueny 10-12 U %BF = -9.625+1.520*BMI
nanang 13-14 I %BF = -12.715+1.478*BMI
ngwane 15-18 U %BF = -10.632+1.146*BM|
%Body fat ABUNANTININUILAINANNTS simple correlation 5£1IN9A1 BMI il %BF
Eq_skf50_4C a4 BMI reference ﬁi’NG] ‘17i cut-off s2AUMNY 14nT
Lohman Cole's CDC WHO 2007 THAI 1997
AGE(Yr) Lower  Uper 25.0 30.0 P85 P97 +2SD  +3SD P50 P97 +2SD +3SD
10 17.9 26.5 22.0 27.2 221 27.7 25.3 32.5 172 248 25.3 29.3
11 18.2 271 23.0 28.8 23.1 29.3 26.8 34.8 18.0 257 26.2 30.2
12 18.2 27.7 24.2 30.5 24.2 31.0 28.3 36.9 189 26.3 26.7 30.7
13 19.0 27.7 25.3 31.8 25.2 32.3 29.8 38.9 19.7  26.7 271 30.8
14 19.0 28.3 26.2 32.8 26.2 33.7 31.2 40.4 205 26.8 27.2 30.7
15 19.0 28.3 27.0 33.4 271 34.9 32.3 415 211 27.0 27.3 30.5
16 19.0 28.3 27.6 33.8 28.0 36.2 33.2 421 215 27.0 27.2 30.2
17 19.0 29.6 28.0 34.2 28.6 37.3 33.7 42.4 216 26.8 27.2 30.1
18 19.6 31.2 28.3 34.6 29.2 38.3 34.0 42.4 21.7 26.8 27.2 30.0

%BF = -2.813+1.246*BMI
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ATANUIN 3

activity group code met Activity
ATDARA 1 05080 1.5 home activities,
TONAUFT AUFTINE LAUTN 1 10070 2.5 music playing,
7 cd N15U 1 13030 1.5 self care,
R 1 13030 1.5 self care,
AN 1 13030 1.5 self care,
Lﬁu%ﬂﬁd 1 11791 2 occupation,
VAUFEU 1 11792 3.3 occupation,
ALY 1 11792 3.3 occupation,
LAULAY WTIRLALAY LAUALNS Wi 1 11792 3.3 occupation,
AU 1 11791 2 occupation,
Anyan 1

AT 1 13030 1.5 self care,
NINLLTUNTAR 1 13036 1 self care,
NnnI9tinu 1 13030 15 self care,
Lﬁﬂqﬁw 1 11791 2 occupation,
UAUNN 1 0.9 inactivity
UAUWAL WAUNNEHBU 1 0.9 inactivity
‘Lixiﬂﬂ 1 13030 1.5 self care,
hapeiuiieu 1 13030 15 self care,
ﬁqaﬂiwaﬁwﬁ 1 13030 15 self care,
Tagiia 1 13030 1.5 self care,
g gl gnnsau 1 13030 15 self care,
ﬁﬁﬁﬂ%ﬂﬁ@ 1 13030 1.5 self care,
YT 1 13030 15 self care,
ﬁqﬂi:ﬁwjmmm'u 1 13030 15 self care,
Hatludingi 1 13030 1.5 self care,
el ama 1 13030 1.5 self care,
Ya¥eanas 1 13030 15 self care,
vaa 1 13030 15 self care,
Yaduny 1 13030 1.5 self care,
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13030

13030

13030

13030

13030

13030

13030

13030

11791

13030

13030

13030

13030

13030

10070

13030

13030

12020

05041
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05025
21070

21070

05026

05050

21070

05050

21070

21070

05050

05050

05020
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1.5

1.5

1.5

1.5
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1.5

1.5

1.5

1.5

1.5

1.5

1.5

2.5

1.5

1.5

2.3

2.5

self care,

self care,

self care,

self care,

self care,

self care,

self care,

self care,
occupation,

self care,

self care,

self care,

self care,

self care,

music playing,

self care,

self care,

running,

home activities,
home activities,
home activities,
volunteer activities,
volunteer activities,
home activities,
home activities,
volunteer activities,

home activities,

volunteer activities,
volunteer activities,
home activities,
home activities,

home activities,
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05070

05010
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05050

05041
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21016

05070

12020

11792

05070

05041

05021

21016

05053
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13030

03015

21070

15135

15550
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15135
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03015

01010

13030

2.3

3.3

2.3

3.5

3.5

2.3

2.5

2.5

2.3

3.3

2.3

2.3

3.5

2.5

25

2.5

1.5

6.5

12

12

3.3

6.5

1.5

home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
home activities,
volunteer activities,
home activities,

running,

occupation,

home activities,
home activities,
home activities,
volunteer activities,
home activities,
home activities,
self care,

dancing,

volunteer activities,
sports,

sports,

sports,

sports,

home activities,
dancing,

bicycling,

self care,
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3.1

3.1
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15100

15135

15135

15100

12020

03015

03031

03015

15300

12020

01015

15135

15300

15135
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15100

15135
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15135
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15135
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12

6.5

4.5

6.5

12
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sports,
sports,
sports,
sports,
running,
dancing,
dancing,
dancing,
sports,
running,
bicycling,
sports,
sports,
sports,
running,
running,
sports,

running,

sports,
sports,
sports,
running,
running,

running,

sports,

running,

volunteer activities,
sports,

running,

running,

running,



